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The staghorn scuipin Leptocottus armatus is abundant in the

Yaquina Bay estuary on the central Oregon coast and also occurs

offshore in shallow water. A total of 560 L. armatus were collected

at three locations in Yaquina Bay and between 7 and 11 kilometers

offshore in depths of 40 to 80 meters. Staghorn sculpins were present

in all areas where collections were made throughout the year except

during the summer when most offshore sculpins moved into Yaquina

Bay. Leptocottus armatus spawned primarily in the bay during the

fall and early winter. The young fish remained in Yaquina Bay for

about one year at which time they were about 1 2. 0 cm in length.

Subsequently, some of them moved offshore.

Seventeen different species of parasites were collected from

the 526 L. armatus examined.

GenoIinealatjcauda was collected from the stomachs of 25. 1%

of the fish and had greater incidence and intensity in larger fish.

Redacted for Privacy



'I

Recruitment of immature forms began in April and the average life

span was about seven months. The life cycle was most efficient in the

lower estuary.

Tubulovesicula lindbergi occurred in the stomachs of 50. 8% of

the fish and had greater incidence and intensity in small fish. Recruit-

ment of immature individuals occurred all year, but was greatest in

June. The life cycle was most efficient in the upper estuary.

Podocotyle atomon was found in 42. 6% of the fish and was most

abundant in the larger fish.

Bucephalopsis ozakii was collected in 38. 8% of the L. armatus

and was more abundant in large fish, as were larval tetraphyilidean

cestodes which were present in 40. 7% of the fish. These two para-

sites were found to be positively associated because they were both

more likely to parasitize larger fish.

Nematodes believed to be Contracaecum cornutum were found

in ulcers in the stomach of 28. 0% of the fish. This was the only

parasite that was obviously pathogenic.

Echinorhynchus gadi occurred in 47. 4% of the fish. Immature

worms were obtained all year, but only from fish in the upper estuary.

Other parasites encountered were the protozoans Scyphidia sp.

Trichodina sp. and Ceratomyxa sp.; the trematodes Gyrodactylus sp.,

Neopodocotyloides sinusaccus and Derogenes sp.; the nematode

Contracaecum aduncum; a piscicolid leech; the copepod



Acanthochondria rectangularis and the isopod Lironeca vulgaris.

It 'as concluded that all the parasites of L. armatus could be

acquired in Yaquina Bay, although it was more likely that the larval

cestode was acquired offshore.

The parasite data could not be used to determine movements

of L. armatus in and out of Yaquina Bay, but the data were utilized

to show that movements between the upper and lower estuary were

not extensive.
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HOST-PARASITE RELATIONSHIPS OF THE STAGHORN
SCULPIN LEPTOCOTTUS ARMATUS GIRARD

IN OREGON

INTRODIJC TION

The Pacific staghorn scuipin, Leptocottus armatus, is a benthic,

euryhaline member of the cottid family found in coastal waters of the

eastern Pacific Ocean and connecting bays and estuaries from Kodiak

Island, Alaska to San Quentin Bay, Baja California (Jones9 l962) It

is extremely abundant in the Yaquina Bay estuary on the central

Oregon coast and also occurs offshore in shallow water (Beardsley

and Bond, 1970).

Staghorn scuipins are well adapted to estuarine life (Jones,

1962). They spawn during the winter and therefore young fish are

present during the early spring when salinities in estuaries are low.

However, these small juveniles exhibit a tolerance of low salinities,

even migrating into fresh water, and use estuaries as nursery

grounds although they are not essential. Adult fish are less tolerant

of low salinities and inhabit more marine waters. Staghorn sculpins

occur in Yaquina Bay and offshore waters throughout most of the

year, but movements within the estuary and between the estuary

and the ocean are not well defined. Food of L. armatus consists of

a wide variety of marine invertebrates and small fishes (Clemens

and Wilby, 1961; Jones, 1962).
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The only study conducted on the biology of L. armatus, besides

that of Jones (1962) in Tomales Bay, California, was that of Weiss

(1969) who studied their age and growth in the San Juan Islands of

Washington.

Few parasitological studies of the staghorn sculpin have been

reported. Dunlap (1951) listed the heiminth parasites of 100 L.

armatus collected during the summer from one locality in Coos Bay,

Oregon. Parasites of L. armatus have also been reported by Lloyd

(1938), McCauley (1960), Pratt and McCauley (1961), and Arai (1969).

The purpose of this study was to analyse the parasites of

Leptocottus armatus in an attempt to determine when and where the

life cycle of each parasite is most efficient, how the abundance of

each parasite changes during the year at different locations, how the

parasite fauna changes with the size of the fish, and if any of the

parasite life cycles are restricted to either the estuary or the ocean.

The Study Area

Yaquina Bay (Figure 1) is an estuary located on the central

Oregon coast in a region characterized by dry summers and wet

winters. There is free tidal access to the bay throughout the year

with two high and two low tides of unequal amplitude in a 24. 8 hour

period. Average tidal range is 1.7 meters (Kuim and Byrne, 1967).

The estuary extends 37 kilometers inland and encompasses 10.9
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square kilometers at mean high tide. At mean low water 6. 5

square kilometers of tide flats are exposed leaving a channel depth

of 7. 9 meters in the lower estuary and 3. 6 meters in the upper estu-

ary between buoy 15 and Toledo (Fish and Wildlife of Yaquina Bay,

Oregon, 1968).

The estuary has reduced salinities upstream due to fresh water

inflow from the Yaquina River and has been classified by Burt and

McAlister (1959) as being well mixed during the summer and fall,

but only partly mixed during winter and spring when river runoff is

high. Surface salinities in the lower estuary vary between 2%o during

the winter when runoff is high, and 35%o in the summer. Bottom

salinities range from 25%o to 35%o. Thirteen kilometers upstream

both surface and bottom salinities range from 0 to 34%o (Zimmerman,

1972).

Shallow estuaries such as Yaquina Bay lack the heat storage

capacity of the open ocean and as a result they are colder than the

ocean in winter and warmer in summer (Frolander, 1964). Surface

temperatures near the mouth of the bay vary from 7 to 14° C and

bottom temperatures range from 8 to 120 C. Thirteen kilometers

inland surface temperatures range from 6 to 21 0 C and bottom tem-

peratures vary from 7 to 20° C (Zimmerman, 1972).

During the summer months the offshore area may be character-

ized by coastal upwelling of cold, highly saline water, The influence



of this water is greatest near the mouth of the estuary and diminishes

rapidly inland.
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METHODS

Samples of Leptocottus armatus were collected offshore and

in Yaquina Bay monthly from October, 1970 to November, 1971. A

total of 560 fish was collected of which 526 were examined for para-

sites. Collections were made between 7 and 11 kilometers offshore

in depths of 40 to 80 meters. Three stations in Yaquina Bay, adjacent

to buoy 15, buoy 29 and buoy 39 (Figure 1) were sampled regularly.

Other samples were occasionally collected above buoy 39. Three

sampling categories were formed arbitrarily. The offshore sample

includes all fish collected offshore each month, sample B15 includes

individuals collected near buoy 15, and sample B29 includes fish taken

each month at or above buoy 29.

All staghorn sculpins were collected with a 16-foot otter trawl

except one sample taken with hook and line at Mill Creek, and one

collected by night lighting at the Marine Science Center dock. Off-

shore tows were 20 minutes long and tows in Yaquina Bay were 10

minutes long.

Fish were transported to the Oregon State University Marine

Science Center where they were held alive in tanks of circulating

sea water until examined. Most fish were examined within five days.

Length and weight were recorded and then the body surface and mouth

cavity of the fish were examined for ectoparasites. Fish parasitized



7

by leeches were examined for hemofiageliates. The caudal peduncie

was severed, a drop of blood was collected on a glass slide, covered

with a coversiip, and examined at lOOx on a compound microscope.

The gills, stomach, and intestine were then removed, placed in

bowls, and the stomach and intestine slit longitudinally. These organs

were examined for parasites under a dissecting microscope. The gall

bladder was checked occasionally for the presence of myxosporidans,

but other internal organs were not examined unless obviously para-

sitized. The number of each species of parasite found was recorded

and representative specimens were removed with a forceps. These

were relaxed in distilled water, fixed in hot A. F. A. under coverslip

pressure, and either stored in alcohol in vials or stained with

Semichon's acetocarmine, dehydrated in alcohol, cleared in xylol,

and mounted in Harleco Synthetic Resin. Portions of nematode-

infected stomachs were fixed in Bouin's fixative, sectioned and

stained with hematoxylin and eosin or Mallory's triple stain.

The lengths of representative specimens of Genolinea laticauda

and Tubulovesicula lindbergi were measured by using an ocular

micrometer calibrated in millimeters. Lengths given for T. iindbergi

are those of the soma excluding the ecsoma.

The significance of differences in incidences between sampling

stations was tested by the chi-square method for contingency.



Significance of the intensity differences was tested by the Wilcoxon

T test (Tate and Clelland, 1957).



RESULTS

Fi s h

Leptocottus armatus

The number and average length of fish examined each month

from each station are listed in Table 1. A total of 72 L. armatus

were collected offshore, Fish were caught every month except Febru-

ary, when rough seas prevented operations, and July when no fish

were obtained. No L. armatus were collected offshe"om June 9,

1971 to August 24, 1971 although 14 tows were made during that per-

iod. At Bi 5, 234 L. armatus were collected and were most abundant

during the spring and summer due to an increase in the number of

small fish. At B29 collections were made every month except March

when no sample was taken. No L. armatus were caught in April. A

total of 254 fish were collected at B29 and were common all year

with the exception of February and April. The average size of L.

armatus increased considerably from B29 to the offshore area.

Staghorn sculpins with maturing eggs in the ovaries were oh-

served from October to March with the peak numbers of gravid

females occurring in Yaquina Bay at B15 during January and February.

Gravid females were collected both in Yaquina Bay and offshore.

Length-frequency histograms of L. armatus collected in Yaquina



Table 1. Number and average length of leptocottm armatus examined from each station (ranges in parentheses

Nov Dec Jan* Feb Mar Apr May Jsm Jul Aug Sep Oct Total

No. of Fish 16 12 12 N.S. 4 10 6 1 0 1 1 9 72
OFFSHORE

Ave. length (cm) 16.0 19.2 19.0 21.8 18.7 19.6 23.0 24.0 21.2 18.6 18.6
(10.5_25.0) (16.0-25.0) (13.5-25.0) (18.2-24.5) (17.5-22.0) (16.4-22.5) (14.5-22.8) (10.5-25.0)

No. of Fish 6 10 26 6 1 38 26 19 26 22 16 4 200
BIS

Ave. Lessgth(cm) 19.1 16.6 16.1 20.3 4.3 9.9 14.7 13.0 14.5 19.4 20.1 18.8 14.1
(11.0-26.0) (10.5-26.0) (10.5-23.0) (17.0-26.0) (4.5-24.5) (S. 2-22.0) (6.3-22.3) (6.3-25.3) (11.0-26.3) (12.3-26.0) (12.3-24.5) (4.5-26.0)

No. of Fish 22 11 45 1 N.S. 0 30 19 18 34 41 33 254
B25

Ave. 1.esgth (cm) 11.7 14.1 12.4 19.0 12.6 11.7 10.2 10.3 12.8 11.5 11.1
(10.0-16.5) (10.0-23.0) (9.0-22.0) (4.0-24.0) (6.5-26.6) (7.0-21.7) (7.0-13.2) (8.0-24.5) (8.9-19.0) (4.0-26.6)

Total No. of Fish per Month 44 33 83 7 5 48 62 39 44 57 58 46 526

Average Length per Month 14.3 16.7 14.5 20.1 18.3 11.4 14.1 12.6 12.8 14.0 15.0 13.5 14.0
(10.0-26.0) (10.0-26.0) (9.0-25.0) (17.0-26.0) (4.3-24.5) (4.5-24.5) (4.0-24.0) (6.3-26.6) (6.3-25.3) (7.0-26.3) (8.0-26.0) (8.9-24.5) (4.0-26.6)

*Thr largr Yaquina Bay samples during January were probably due to a combination of a very low tide and high fresh-water mssoff which conces,tvated the fish in the channrl.

C
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Bay and of those collected offshore are presented in Figure 2. It

was difficult to tell the age of the fish because no attempt was made

to collect fish less than 5. 0 cm in length and thus the data are incom-

plete. However, the histograms of fish greater than 5. 0 cm in length

are very similar to those reported by Jones (1962) and his interpreta-

tion of the age of L. armatus will be followed. Young of the year

(0-group) fish, first collected in March, were probably present

earlier but were too small to be collected with the net used. 0-group

fish averaging about 6. 0 cm in length were abundant in April. Fish

in this category increased in length each month and averaged approx-

imately 11. 0 to 1 2. 0 cm in length when one year old. It was impos -

sibie to distinguish subsequent age groups in the length-frequency

histograms.

0-group fish were not obtained offshore until November when

fish between 10.0 and 14.0 cm in length were collected.

The Parasites

Phylum Platyhelminthes

Class Trematoda

Genolinea laticauda Manter. Genolinea laticauda, a digenetic

trematode in the family Hemiuridae, is a common stomach parasite

of fish of the family Cottidae (Arai, 1969). It has also been reported
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from the rock greenling Hexagrammos superciliosus (Pailas), and

sockeye salmon Oncorhynchus nerka (Waibaum) off British Columbia

(Arai, 1969) and from ling cod Ophiodon elongatus Girard in Puget

Sound, Washington (Lloyd, 1938). McCauley (1960) reported C.

laticauda from L. armatus and the buffalo sculpin Enophrys bison

(Girard) in Yaquina Bay, Oregon. Two other species in the genus

Genolinea, C. manteri Lloyd and C. montereyensis Annereaux, have

also been reported from sculpins in Yaquina Bay (McCauley, 1960).

Genolinea laticauda was found in the stomachs of 132 of 526

(25.1%) L. armatus collected during this study. Intensities of infec-

tion ranged from one to 87 parasites per fish. Figure 3 gives the

incidence of C. laticauda for each month at each station, and the

average intensities per infected fish are presented in Figure 4. Off-

shore, C. laticauda occurred only during March, April, May and

October. Intensities were low except during May when an average

of over 20 parasites per infected fish was found. At station B15 in

Yaquina Bay, the incidence of C. laticauda increased in the spring,

reached a peak of 77% in July, and then declined to a minimum of

17% in February. At B29 a similar pattern was observed but mci-

dences were much lower. The average intensity of infection increased

through the spring and summer at both B15 and B29. The intensity of

infection reached a maximum of 40 trematodes per infected fish at

B15 in August and then decreased rapidly through the fall and winter.
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Table 2 lists the results of statistical tests on the incidence

and intensity data between B15 and B29. There was a significant

difference between the incidences at B15 and those at B29 from June

through November, but the intensity differences were not significant.

The length-frequency distribution of C. laticauda collected

during this study is presented in Figure 5. Recruitment of immature

parasites, less than 1.0 mm in length, began in April and continued

through August with the majority occurring during April, May and

June. These immature individuals grew steadily and reached their

largest size in five or six months. All C. laticauda had begun egg

production by the time they reached 1. 6 mm in length and were con-

sidered mature. The length-frequency data indicates that a span of

about four months is necessary for individuals to reach this length.

All of the fish in which small C. laticauda (less than 1.0 mm) were

found were collected at B15.

The relationship between incidence and intensity of C. laticauda

and the size of L. armatus is illustrated in Figures 9 and 10 (page

42 and 43). The incidence increased from 18% in small fish to 41%

in large fish and the average intensity increased from nine to 23

parasites per fish as the length of L. armatus increased.

Tubulovesicula lindbergi (Layman). This parasite is a digenetic

trematode in the family Hemiuridae, and a common stomach parasite

of a great variety of marine fishes thereby demonstrating little host



Table 2. Results of statistical tests on the difference in incidence and intensity of Genolinea laticauda
between B15 and B29.

Incidence Intensity
Month x2 Probability t value Probability

November 7.89 <0.01* S.T.S.

December 2. 76 > 0. 08 S. T. S.

January 2.60 > 0. 10 8.0 >0. 20

May 3. 27 > 0. 05 43. 5 >0. 20

June 8. 53 < 0. 05* 46. 0 > 0. 20

July 18.43 <0.05* 26.0 >0.20

August 21.83 <0.05* 13.0 >0.20

September 13.46 < 0. 05* 9.0 >0. 10

October 10.56 < 0. 01* S. T. S.

*Significant difference
S. T. S. - Sample size too small to test -J
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specificity (Pratt and McCauley, 1961). McCauley (1960) reported

it from ten different species of fish in Yaquina Bay and the nearby

offshore area.

Tubulovesicula lindbergi was found in the stomach in 267 of

526 (50. 8%) L. armatus collected during the study. Intensities of

infection ranged from one to 51 trematodes per infected fish. Mixed

infections with Genolinea laticauda were observed. Figure 6 includes

the incidence of T. lindbergi for each month at each station and Figure

7 gives the average intensities per infected fish. A few T. lindbergi

were found in offshore fish during November, December, April and

May. The incidence of infection in Yaquina Bay rose rapidly from a

low of 16% at B15 in April to a high of 89% at B29 in June. Incidences

at both B15 and B29 remained high until December except for a tern-

porary decrease at both stations in September. During the winter

the incidence at B15 decreased steadily, but at B29 incidences re-

mained above 60%. Only during June and January were the differences

between B15 and B29 statistically significant (Table 3). The average

intensity of infection also increased during the spring and summer

at B29 and reached a maximum average of 14 trematodes per fish in

July. The intensity then decreased to a low of two parasites per fish

in October. At B15 the intensity did not increase substantially until

late summer before dropping again in October. There were significant

differences in the intensity of infection in fish collected at B15 and B29
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Table 3. Results of statistical tests on the difference in incidence and intensity of Tubulovesicula
lindbergi between B15 and B29.

Incidence Intensity
Month x2 Probability t value Probability

November 0.64 > 0. 40 52. 0 > 0. 20

December 0.39 > 0. 50 27.0 > 0. 20

January 6. 52 < 0.05* 139. 5 > 0. 20

May 0.48 > 0. 25 51. 0 < 0. 05*

June 7.79 < 0.01* 72.0 < 0.01*

July 0. 11 > 0. 70 166.5 < 0. 01*

August 0. 01 > 0. 80 56. 0 < 0. 01*

September 2.56 >0.10 114.0 > 0.20

October 0.05 >0.75 15.5 >0.05

*Significant difference
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from May through August (Table 3).

The length-frequency distribution of T. lindbergi is presented

in Figure 5 (length measurements are total body length excluding

the ecsoma). Recruitment of small, immature trematodes occurred

during most months, but they were most numerous during June.

Tubulovesicula iindbergi begins to produce eggs when about 1, 3 mm

in length and all individuals 1. 55 mm or longer contained eggs. The

length-frequency histograms indicated that this length was reached

in approximately three months. Ninety four percent (30 of 32) of

the fish in which small T. lindbergi (less than 1. 20 mm) were found

were collected at or above B29.

Figures 9 and 10 illustrate the relationship between incidence

and intensity of T. lindbergi and the size of L. armatus. The inten-

sity is relatively constant, but the incidence is greater in smaller

fish.

Podocotyle atomon (Rudolphi), Podocotyle atomon is an intes-

tinal digenetic trematode in the family Opecoeiidae. It has been

reported from numerous shallow water fishes including L. armatus

from British Columbia by McFarlane (1936) and by Arai (1969).

Podocotyle atomon was found in 224 of 526 (42. 6%) L. armatus

collected during this study. Intensities ranged from one to 72 trema-

todes per fish. The parasites were more abundant in the anterior and
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posterior portions of the intestine, but in heavy infections the rectum

and mid intestine also harbored specimens of P. atomon.

Table 4 lists the monthly incidence and average intensity of

P. atomon collected at each station. Offshore, the incidence was

low during the fall, but relatively high in the spring. At Bi 5, the

incidence varied from a low of 30% in February to a high of 80% in

July, and at B29 it ranged between 20% in May and 63% in December.

The intensity fluctuated widely offshore and at Bi 5 during the winter

High average intensities were due to a single fish each month with a

very heavy infection. The average intensity at B15 increased from

April to July and then remained at about 12 parasites per fish until

October. Intensities at B29 were low all year. Incidences and aver-

age intensities were generally higher at B15 than at B29 throughout

the year.

The relationship between incidence and average intensity of

P. atomon and the length of L. armatus is presented in Figures 9

and 10. The incidence increased slightly as the length of L. armatus

increased. The intensity also increased as the size of the fish in-

creased, but it was greatest in fish between 14. 0 and 17.9 cm in length,

and slightly lower in larger fish.

Very small specimens of P. atomon were collected in small

fish during April and May, and were most abundant at B15 although

they were also found in fish collected at and above B29.



Table 4. Incidence and iilensity of Podocoy atomon in Leptocottus armatus.

OFFSHORE B15 B29

.. -

0
tj

w-°
4
0

0
U
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U

bO. 0 0 .

OW
0

0

OW

November 3 16 19 7 3 6 50 29 6 22 27 6

December 3 12 25 23 7 10 70 6 7 11 63 2

January 3 12 25 4 16 26 61 9 20 45 44 4

February* - - - - 2 6 30 29 1 1 100 1

March 3 4 75 6 0 1 0 0 - - - -

April 5 10 50 5 21 38 55 4 - - - -

May 4 6 67 8 17 26 65 6 6 30 20 5

June 0 1 0 0 12 19 63 8 6 19 32 4

July - - - - 21 26 81 12 6 18 33 2

August 0 1 0 0 12 22 55 11 9 34 26 3

September 0 1 0 0 8 16 50 12 9 41 22 6

October 3 9 33 20 2 4 50 4 7 33 21 2

*A dash indicates that no fish were collected that month at that station.

t)
U.'
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Bucephalopsis ozakii (Ozaki). Bucephalopsis ozakii is an

intestinal digenetic trematode in the family Bucephalidae. It has been

reported from Salvelinus maima (Walbaum) in British Columbia

(Bangham and Adams, 1954) and 'from Platichthys stellatus

(Pallas) and L. armatus in Yaquina Bay, Oregon (Pratt and Mccauley,

1961).

Bucephalopsis ozakii was found in 201 of 526 (38. 2%) L. armatus

collected during this study with intensities ranging from one to 200

specimens per fish. This trematode occurred in the rectum except

in heavy infections when a few individuals were found in the lower

intestine.

Table 5 lists the monthly incidence and average intensity of

B. ozakii collected at each station. No yearly trends were apparent

at any station in either incidence or intensity. The average intensity

fluctuated Widëiyãt all three stations especially during the fall and

winter. High values were due to one or more fish each month with

very heavy infections. Incidences were higher throughout the year

at B15 than at B29 and often higher offshore than at B15.

Figures 9 and 10 illustrate the relationship between incidence

and intensity of B. ozakii and the length of L. armatus. Although

B. ozakii occurred in fish of all sizes it was much more prevalent

in larger fish especially those greater than 18. 0 cm in length.

Although few L. armatus harboring immature B. ozakii were



Table 5. Incidence and intensity of Bucephalopsis ozakii in Leptocottus armatus.

OFFSHORE B15 B29
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U
4,4)
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bO... 4,4)

4)

U
4,4
-°

.o .otj ,.;;;o
4)

: 4)4)4, 4)4, 4,4)
o '

November 4 16 25 10 2 6 30 79 0 22 0 0

December 11 12 91 37 4 10 40 7 2 11 18 2

January 9 12 75 11 12 26 46 12 3 45 7 25

February* - - - - 5 6 83 22 0 1 0 0

March 4 4 100 25 0 1 0 0 - - - -

April 9 10 90 8 10 38 26 7 - - - -

May 2 6 30 21 11 26 42 5 12 30 40 6

June 1 1 100 2 11 19 57 2 5 19 26 3

July - - - - 11 26 42 5 4 18 22 7

August 1 1 100 3 16 22 73 13 10 34 29 8

September 1 1 100 6 12 16 75 10 14 41 34 10

October 5 9 56 18 3 4 75 9 4 33 12 7

*A dash indicates that no fish were collected that month at that station.



collected, some did occur at all three stations during August,

September, and October with the majority at B29 or above.

Class Cestoda

Tetraphyilidean plerocercoid larvae of the family Phyilo-.

bothriidae were found in 214 of 526 (40.7%) L. armatus collected

during this investigation. Intensities ranged from one to 1 20 para-

sites per fish. The larval cestodes usually occurred in the rectum,

however in heavy infections specimens were collected from the pos-

tenor portion of the intestine.

The monthly incidence and intensity data are presented in

Table 6. Offshore, the incidence was lowest in November (43%),

but increased to a higher level for the remainder of the year. The

intensity was also low in November, but increased and remained

high during the winter before decreasing again in the spring. The

incidence at B15 fluctuated between 50 and 80% except during April

and September when it decreased to 37%. The average intensity

varied considerably during the winter, reached a low of five cestodes

per fish in April, and then increased steadily through the spring and

summer. At B29 the incidence was low during the winter except in

February when only one fish was collected. In May the incidence was

high (63%), but decreased steadily during the spring and summer

reaching a low of 9% in August. The intensity at B29 followed a



Table 6. Incidence and intensity of larval cestodes in Leptocottus armatus

OFFSHORE B15 B29
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4)4).tj 4).-o 4)
-

414)
U
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4) 4)

: 4)0)0 4)4) 414)z. E -

November 7 16 43 10 3 6 50 23 0 22 0 0

December 11 12 92 27 7 10 70 13 2 11 18 12

January 10 12 83 29 14 26 54 17 4 45 9 4

February* - - - - 5 6 83 31 1 1 100 1

March 4 4 100 37 0 1 0 0 - - - -

April 10 10 100 12 14 38 37 5 - - - -

May 4 6 67 5 16 26 61 8 19 30 63 10

June 1 1 100 9 15 19 79 10 7 19 37 6

July - - - - 13 26 50 13 3 18 17 3

August 1 1 100 8 15 22 68 19 3 34 9 3

September 1 1 100 14 6 16 37 25 6 41 14 6

October 8 9 89 16 3 4 75 16 5 33 15 4

*A dash indicates that no fish were collected that month at that station.

L'-)
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similar pattern. Generally, both incidence and intensity of larval

cestodes were higher offshore and at B15 than at B29,

The relationship between incidence and intensity of the larval

cestodes and the length of L. armatus is illustrated in Figures 9 ad

10. Both incidence and intensity are low in small fish, but quite

high in large fish.

During this investigation it was observed that Bucephalopsis

ozakii and the tetraphyllidean plerocercoids occurred together much

of the time. In order to test the significance of this apparent associa-

tion, an analysis of interspecific association as described by Cole

(1949) was performed. The data and results are presented in Table 7.

If B. ozakii and the larval cestodes were distributed randomly then

87 (205 x 221/526) fish would be expected to harbor both parasites.

However, these two parasites occurred together in 1 58 L. armatus.

To test the significance of this difference, a contingency table was

constructed and the chi-square test utilized as described by Cole.

The results were significant (p 0. 005) therefore a positive association

exists between B. ozakii and the larval cestodes.

Phylum Aschelminthes

Class Nematoda

Nematodes of the genus Contracaecum were found in the stomach

in 146 of 526 (28. 0%) L. armatus. Intensities ranged from one to 100



Table 7. Table of association between Bucephalopsis ozakii and Tetraphyllidean pierocercoids.

B. ozakii

169.47
p < 0. 005

Tetraphyllidean plerocercoids
present absent

present 158 47 205

absent 63 258 321

221 305 526
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nematodes per fish.

Offshore, no nematodes were collected until January (Table 8)

when the incidence was 50% and the average intensity was five

nematodes per fish. During the spring the incidence varied from

20 to 30% and the average intensity was one nematode per fish. In

October one offshore fish was infected with five Contracaecum sp.

At B15 the incidence was 50% in November and December and then

decreased to a low of 13% in April. The incidence then increased

each month during the spring and summer, reached a maximum of

67% in August before decreasing during September and October. No

yearly trend was obvious in the intensity data although a gradual

decrease was observed from November through February. The high

values in April and September were due to one or two fish with very

heavy infections. At B29 the incidence of Contra caecum sp. varied

between 12 and 33% and the average intensity ranged from four to 11

parasites per fish. No trends were apparent.

The incidence of Contracaecum sp. increased from 14 to 38%

as the size of L. armatus increased, and the average intensity in-

creased from six to 20 nematodes per fish (Figures 9 and 10).

The nematodes usually occurred in ulcer-like cavities in the

mucosal wall of the stomach which in intense infections often pene-

trated completely through the stomach wail. The number of such

ulcers varied from one to five per stomach. The intensity of



Table 8. Incidence and intensity of Contracaecuni sp. in Leptocottus armatus.

OFFSHORE B15 B29

4)
0
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4)4) _4) 4)
bO.... 4)4)

4)4) 4)
c4 4)4) 4)4)

November 0 16 0 0 3 6 50 28 7 22 31 4

December 0 12 0 0 5 10 50 16 3 11 18 9

January 6 12 50 5 7 26 27 13 12 45 26 7

February* - - - - 1 6 17 6 1 1 100 4

March 1 4 25 1 0 1 0 0 - - - -

April 3 10 30 1 5 38 13 40 - - - -

May 1 6 17 1 7 26 27 5 6 30 20 7

June 0 1 0 0 8 19 42 9 3 19 16 7

July - - - - 16 26 62 18 6 18 33 7

August 0 1 0 0 15 22 67 11 10 34 29 8

September 0 1 0 0 7 16 44 36 9 41 22 11

October 1 9 11 5 1 4 25 9 4 33 12 8

*A dash indicates that no fish were collected at that station that month.

j.)
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the nematode infection in each ulcer ranged from one to approximately

40 nematodes. Table 9 lists the size variability of the nematodes from

a single ulcer from each of four different fish. The average size of

the nematodes from different fish varied considerably and the size of

the nematodes in any one ulcer was not constant. The average length

of 25 mature female nematodes was 16.6 mm (14. 0-19 0) and the

average length of 20 mature males was 10.2mm (9. 0-12. 0).

Table 9. Length variability of Contracaecum sp. from one stomach ulcer in each of four Leptocottus
armatus.

No. nematodes
Fish Length in ulcer Ave. Length Range

13.2cm 7 6.6mm 3.7-10.9

15.7cm 11 8.3mm 4.2-14.7
19.5 cm 22 4.6mm 1.6-6.8

24.3 cm 26 10.1 nun 5.3-15. 2

Two very intense infections of Contracaecum sp. were observed

during this investigation. In one infection the nematodes covered a

large portion of the outer surface of the stomach, and many also

occurred in a large ulcer. In the other case, the nematodes covered

the surface of the pyloric caeca causing adhesion of the organs in

that area. Histological sections prepared of both these infections

revealed that the nematodes caused intense hemorrhaging in all tissues

they invaded, and caused proliferation of the subserosal connective
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tissue (Figure 8). There was no evidence of an increase in white

blood cell number in the infected areas.

Phylum Acanthocephala

Echinorhynchus gadi (Zoega) is a cosmopolitan acanthocephalan

parasite of both freshwater and marine fish (Yamaguti, 1963). It was

found in the intestine of 249 of 526 (47. 4%) L. armatus collected dur-

ing this investigation. The intensity of the infection varied from one

to 41 parasites per fish, but was usually less than 12 per fish.

No trends were apparent in the incidence or intensity data of

E. from offshore fish (Table 10). The high intensities in Decem-

ber and May were due to one fish each month with a heavy infection.

At B15 the incidence of E. gadiwas very low in April (2.0%), high in

May (67. 0%), and then decreased to about 30% during the late summer.

The intensity fluctuated greatly except during the summer when it

averaged about five E. gper fish. The incidence at B29 increased

from 27% in November to approximately 50% in December. The in-

cidence remained near 50% until July and August when it increased

to a maximum value of 73% before decreasing again. The intensity

of E. gadi at B29 was low all year except during May when it aver-

aged six acanthocephalans per fish.

The incidence of E. gadi was often greater at B29 than at B15

especially during the late summer. A small number of immature
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Table 10. Incidence and intensity of Echinorhynchus in Leptocottus armatus.

OFFSHORE 815 829

u U I; it
Z ZZ . E- . . . .

November 6 16 38 2 2 6 30 6 6 22 27 2

December 8 12 67 9 2 10 20 8 6 11 54 3

January 9 12 75 3 13 26 50 2 24 45 53 3

February* - - - - 3 6 50 8 0 1 0 0

March 0 4 0 0 0 1 0 0 - - - -

April 4 10 40 2 1 38 2 11 - - - -

May 3 6 50 7 18 26 69 6 14 30 46 6

June 0 1 0 0 11 19 58 4 9 19 47 4

July - - - - 8 26 31 5 12 18 67 2

August 1 1 100 1 8 22 36 5 25 34 73 2

September 0 1 0 0 5 16 31 4 21 41 51 2

October 3 9 33 3 2 4 50 2 20 33 60 2

*A dash indicates that no fish were collected that month at that station.

-4



E. gadi were obtained occasionally throughout the year but the only

location at which they occurred was 1329.

The incidence of E. gadi was 34% in fish smaller than 10.0 cm

in length, but in larger fish the incidence was very close to 50%

(Figure 9). The intensity of E. gadi infections averaged three par-

asites per fish in L. armatus less than 14. 0 cm in length and five

parasites per fish in larger L. armatus (Figure 10).

Miscellaneous Parasites

Protozoa

Scyphidia sp. The genus Scyphidia in the class Ciliata includes

both freshwater and marine representatives. Individuals attach to

submerged objects or aquatic animals by a scopula and are probably

commensal rather than parasitic.

Scyphidia sp. were observed on the gills of 16 of 526 (3. 0%)

L. armatus collected from Yaquina Bay. They occurred from May

through August at all stations in Yaquina Bay, but were only found on

fish smaller than 13. 0 cm in length.

Trichodina sp. This genus is also in the class Ciliata and also

includes both freshwater and marine representatives. Individuals

may be commensal on, or parasitic in aquatic animals (Kudo, 1966).

Trichodina sp. were observed on the gills of 33 of 526 (6. 3%)
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L. armatus collected at all stations in Yaquina Bay from April

through August. Infections were not limited to any particular size.

Ceratornyxa sp. Myxosporidians of the genus Ceratomyxa were

observed in the gall bladder, but this structure was not always checked

so only occasional observations are available,

The blood of 67 L, armatus was checked for hemoflageliates

but none was observed.

Trematodes

Gyrodactylus sp. Species in this genus are viviparous mono-

genetic trematodes that may infect the gills or skin of freshwater

and marine fishes (Schell, 1970).

Gyrodactylus sp. were observed on the gills of 66 of 526 (1?. 5%)

L. armatus collected from March through September. They were

observed on fish from all stations, but were most abundant at B15

(44 of 66). All sizes of L. armatus were infected and intensities

ranged from one to well over 100 per fish.

Neopodocotyloides sinusaccus Ching. This digenetic trematode

is in the family Opec oelidae and closely resembles members of the

genus Podocotyle. It was often difficult to determine to which of

the two genera an individual belonged. Specimens of N. sinusaccus

were found in 15 of 526 (2.9%) L. armatus, and occurred at all col-

lecting stations. This trematode was found throughout the year with
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intensities ranging from one to 42 parasites per fish.

One specimen of Derogenes sp. was found in a staghorn scuipin

26.0 cm in length collected at B15 during September.

-

Contracaecum aduncum (Rudolphi). This nematode was found

in 6 of 526 (1. 1 %) L. armatus collected during this study. It occurred

only in offshore fish collected during November, December, and

January. The average length of six mature females was 50. 0 mm

(38. 0-60. 0); the average size of two mature males was 38. 0 mm

(37.0-39.0) in length.

Leeches

An unidentified leech of the family Piscicolidae was obtained

from 68 of the 526 L. armatus collected. The leech was usually found

in the mouth, but occasionally occurred on the body at the base of the

pelvic fins. The intensity of infection ranged from one to 23 leeches

per fish and averaged about five leeches per fish. Ninety three per-

cent of the fish parasitized by leeches were collected at or above B29.

Leeches were not taken from offshore fishes. The leeches were

found on L. armatus from July through October, but were most

abundant during August and September.
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C opepods

Acanthochondria rectanguiaris Fraser has been reported

from L. armatus, Platichthys stellatus (Pailas), and Psettichthys

melanostictus Girard from Oregon (Miliemann, 1971). During this

investigation specimens were collected from the gill cavity of 12 of

526 (2.3%) L. armatus. They occurred on fish collected at all three

stations from April through September but only parasitized fish

greater than 22. 0 cm in length.

Isopods

Three specimens of Lironeca vulgaris Stimpson were obtained

from the gill cavity of three L. armatus. Two of the infected fish

were collected at Bi 5, one in January and one in July, and the third

was collected offshore during November. The three fish were all

approximately 15.0 cm in length.
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DISCUSSION

During the course of this study staghorn sculpins, Leptocottus

armatus, were present in Yaquina Bay, Oregon, during all months of

the year, but they were not abundant during February or March. Off-

shore, they were collected during every month sampled except July.

The entire span of time in which they were absent from trawling

samples was from June 9, 1971 to August 24, 1971. During this

period 14 trawis were made. This indicates that during the summer,

staghorn sculpins may leave the offshore area between ten and 80

meters. It is unlikely that they migrate into deeper water since

L. armatus has never been reported from water deeper than 100

meters (Jones, 1962). It is probable that the majority of the staghorn

sculpins move into Yaquina Bay during the summer months. Since

staghorn sculpins were never very abundant offshore, a significant

increase in the number of large fish in Yaquina Bay during the summer

would not be expected, and although there were many large L. armatus

in the bay during the summer, no obvious increase was observed when

compared with other months. In the fall some staghorn sculpins move

back out into the offshore area.

Based on the distribution of gravid females within the study area,

staghorn sculpins probably spawn primaxi1y in Yaquina Bay in the

vicinity of B15. Some gravid females were collected offshore
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indicating that spawning may occur there also. However, no imma-

ture fish were collected offshore, so if spawning does occur in that

area the young fish may move into Yaquina Bay.

Studies on the age and growth of L. armatus have been conducted

by Jones (1962) who determined age using both length-frequency dia-

grams and otoliths, and by Weiss (1969) who aged the fish by observ-

ing otoliths only. Jones reported that the average length of one year

old L. armatus from Walker Creek Estuary in Tomales Bay, Cali-

fornia, was about 12. 0 cm. Weiss, who collected in the vicinity

of Friday Harbor, Washington, stated that one year old L. armatus

averaged only 3.4 cm in length and did not reach 12.0 cm until the

fifth year. My data on apparent first year growth of L. armatus

from Yaquina Bay agrees quite closely with Jones' data from Walker

Creek.

Fish from year group zero were not collected offshore until

November. This 'suggests that young L. armatus remain in Yaquina

Bay for about one year before at least a few of them begin to move to

the offshore areas in the fall. It is probable that some staghorn

sculpins move back and forth between the estuary and the open ocean.

Whether or not all individuals do so is not clear.

Genolinea laticauda demonstrated a definite seasonal cycle of

abundance. Both the incidence and intensity of infection increased

during the spring and summer, and decreased during the fall and
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winter. Immature forms, which were most abundant during spring

and early summer, reached maturity in about four months. Thus

mature individuals were most abundant during late summer. The

intensity of infection began to decrease in September and declined

rapidly through the fall. This decrease of the total population of

this parasite indicates the loss of mature individuals, therefore the

life span of C. laticauda in the staghorn scuipin is probably about

seven months. However, the presence of a few large, mature mdi-

viduals during all months of the year indicates that C. laticauda may

have a maximum life span of about one year.

It appears that the life cycle of C. laticauda operates most

efficiently in the vicinity of B15 (lower estuary). Evidence for this

includes the high incidence of infection in fish collected at Bl5, and

the fact that the youngest C. laticauda were always found in these

fish. The fish infected with this parasite observed at B29 may have

become infected at B15 and then moved to the upper estuary.

Although the life cycle of C. laticauda is not known, the life

cycles of some other members of the family Hemiuridae have been

solved. Hunninen and Cable (1943a) described the life history of

Lecithaster confusus Odhner in the vicinity of Woods Hole, Massa-

chusetts. The cystophorous cercariae develop in rediae located in

the digestive gland of a marine snail. The released cercariae are

eaten by the copepod Acartia tonsa and develop into unencysted,
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active metacercariae in the hemocoel. Hemiurid metacercariae

have also been reported from the copepods Acartia clausi and

Centropages hamatus by Dolifus as cited by Hunninen and Cable

(1943a) and in other species of the genus Acartia (Lebour, 1923).

Ching (1959) found hemiurid cercariae in three species of the snail

Thais collected near Friday Harbor, Washington, and was able to

infect copepods of the genus Tigriopus.

Since the life cycle of C. laticauda appears to be most efficient

at B15, the intermediate hosts are probably a snail and a copepod,

one or both of which are restricted to the lower estuary and abundant

during the spring and summer. The gastropod fauna of Yaquina Bay

has not been studied and little information is available concerning

the snails present or their distribution. The copepods of the bay

have been well studied by Frolander etal. (1971) and by Zimmerman

(1972). Five species of copepods, Acartia clausi, Acartia longiremis,

Acartia tonsa, Pseudocalanus minutus and Paracalanus parvus account

for about two thirds of all zooplankton in Yaquina Bay (Zimmerman,

1972). Acartia clausi was the most abundant copepod and accounted

for 60. 0% of the animals collected. It was abundant in the bay from

the bridge to B39 and was present during all months of the year.

Acartia longiremis was a neritic species that was present during

spring, summer, and fail at the bridge and B15. It is carried in and

out of the bay on the tides. Acartia tonsa was abundant only above



B29 and only during late summer and fall. Pseudocalanus minutus

was the second most abundant copepod in Yaquina Bay and was present

only in the lower estuary. Seasonally it was most abundant during

spring and summer with very low numbers present in the fall, Para-

calanus parvus was present during fall and winter at the bridge and

B15 but never became very abundant.

Based on their availability, Acartiaclausi or Pseudocalanus

minutus appear to be most likely to serve as the second intermediate

host of Genolinea laticauda.

Both the incidence, and intensity of C. laticauda infections are

greater in large fish. This would be unexpected if the second inter-

mediate host of this trematode is a copepod. Small fish are more

likely to feed on copepods, thus would be expected to be more highly

infected than large fish. Large fish must either feed selectively on

copepods or accidentally ingest them while feeding on other organisms.

It is also possible that large fish feed on small fish that are infected

with C. laticauda and thereby obtain their infections.

Tubulovesicula lindbergi also had a seasonal pattern of abun-

dance. Both the incidence and intensity of infections increased

rapidly during the spring and early summer due to an influx of im-

mature trematodes. These immature individuals were most abundant

during June, but were present in lower numbers throughout the year.

The life cycle of T. lindbergi probably operates to some extent during
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all months of the year. The incidence of infection remained high

until mid-winter and then decreased. The intensity decreased dur-

ing late summer and fail at B29, but at Bi 5 it continued to increase

until October.

The life span of T. iindbergi is difficult to determine because

of a continual influx of immature individuals. Since the intensity of

infection decreases during the fall, some trematodes may die after

only seven or eight months, however, the average life span could not

be determined.

Margolis and Boyce (1969) studied the life span and growth of

T. lindbergi in British Columbia. They collected naturally infected

chum salmon, Oncorhynchus keta (Walbaum), within four to six

weeks after their migration from fresh water. During this period

at sea the fish had become infected with T. iindbergi. The fish were

held alive and samples were examined periodically for 31 months.

Neither the incidence nor intensity of infection declined significantly

during the 31 month study period so Margolis and Boyce assumed

the average life span of T. iindbergi in chum salmon to be at least

31 months. The worms reached maturity between one and five months

after infection and all individuals were mature when 1. 1 mm in length.

After two years the trematodes averaged 3. 0 mm in length.

Tubulovesicula lindbergi from the chum salmon mature at a

smaller size than those from L. armatus. Physiological differences
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between the hosts may allow faster parasite growth in the staghorn

sculpin. Although life span of T. iindbergi in L. armatus is probably

not normally 31 months, it is possible that some individuals may live

that long.

The incidence of T. lindbergi infections was approximately the

same at Bi 5 and B29 except during June when the incidence was sig-

nificantly greater at B29. This indicates that larval stages of T.

lindbergi are available to L. armatus at both B15 and B29, but during

June when the greatest number of immature trematodes occurred,

there are more larval stages available at B29. The intensity of T.

lindbergi infections was significantly greater at B29 than BiS from

May through August, and 94. 0% of the very small T lindbergi collect-

ed were obtained from fish at B29 or above. Thus there is strong

evidence that, in Yaquina Bay, the life cycle of Tubulovesicula

lindbergi operates most efficiently in the upper estuary.

To serve as a second intermediate host for T. iindbergi, a

copepod would have to be present both at B29 and B15 and be rela-

tively abundant all year. According to Zimmerman (1972), Acartia

clausi is abundant in both areas and is also the most abundant copepod

in the bay. Acartia tonsa is most abundant at and above B29, occurs

in lesser numbers at B15, and is present in very low numbers in the

winter. In addition, A. tonsa apparently does not become abundant

until late summer and may not be present in sufficient numbers during
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the early summer to account for the observed increase in infection

of staghorn sculpins with young T. lindbergi. Acartia clausi would

appear to be a logical candidate for the copepod host of T. ]indbergi,

No seasonal pattern of abundance was apparent for Podocotyle

atomon although immature forms were collected only during April

and May. Both the incidence and intensity of P. atomon infections

were generally greater at B15 than at B29. Large fish are most

abundant at B15 and since P. atomon is most abundant in large fish

(Figures 9 and 10) this may explain the observed differences.

The life cyc]e of P. atomon has not been described in Yaquina

Bay, but it has been traced in Waquoit Bay, Massachusetts, by

Runninen and Cable (l943b). The cercariae develop in sporocysts

in the marine snail Littorina rudis and then penetrate and encyst in

three species of marine amphipods. Littorine snails have been

observed in Yaquina Bay, but they are much more abundant on the

rocky outer coast (Thomas, 1966). Many species of amphipods are

present in Yaquina Bay; thus it is possible that the life cycle of

P. atomon operates both in the bay and in offshore areas.

Little information is available on the life span of P. atomon.

In Yaquina Bay the immature trematodes are recruited in the spring,

but neither the incidence nor the intensity demonstrates a significant

decrease during the year. This suggests that P. atomon lives for at

least one year.
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Much variation was observed in the genera Podocotyle and

Neopodocotyloides. It was not possible to determine with confidence

the genus of young worms and even mature individuals were often

difficult to identify. It was usually necessary to make a subjective

judgement as to whether or not the ventral sucker was pedunculate.

It is possible that the two genera are synonymous, but until either

the life cycle of Neopodocotyloides is solved or a study of the variation

of Podocotyle atomon under controlled conditions is accomplished,

the question will remain unresolved.

The life cycle of Buceph3lopsis ozakii is not known, but the

closely related B. haemianus has cercariae that develop in oysters

and then encyst in small fish (Palombi, 1934, as cited in Pratt and

McCauley, 1961). In Yaquina Bay, developing bucephalid cercariae

have been observed in the bay mussel Mytilus edulis and unidentified

bucephalid metacercariae have been found both in the bay in small

English sole Parophrys vetulus Girard, and offshore in redtaii sea

perch Amphistichus rhodoterus (Agassiz) (Ols on, 1972). Bucephalid

cercariae have also been reported in California from Mytilus cali-

fornianus (Giles, 1962), a mussel that is abundant along the outer

Oregon coast. Thus it is possible that the life cycle of B. ozakii

may operate in the bay or offshore or both.

Both the incidence and intensity of B. ozakii infections were

much greater in fish over 18. 0 cm in length than in smaller fish.



53

The metacercariae of B. ozakii probably encyst in fish and since

large L. armatus are more likely to feed on fish than are small mdi-

viduals (Jones, 1960), one would expect large fish to be more heavily

infected.

Incidence of B. ozakii infections were generally higher offshore

and at B15 than at B29. This was due to the relative large size of

L. armatus offshore and at B15.

The larval cestodes did not follow a definite seasonal pattern

of abundance. However, both the incidence and intensity of infections

were generally greater offshore than at B15, and greater at B15 than

at B29. Larval cestodes were most abundant in large fish (Figures

9 and 10) and since the average size of L. armatus increased from

B29 to the offshore area it would be expected that offshore fish be

more heavily infected. The low incidence at Bl5 in April was prob-

ably the result of an increase in the number of uninfected juvenile

L. armatus.

The genus of the larval cestodes collected from L. armatus

is not known, however, all adult tetraphyilidean cestodes are para-

sites of elasmobranchs (Wardle and McLeod, 1952). No complete

tetraphyilidean life cycles have been solved, but the two intermediate

hosts involved in most aquatic cestode life cycles are copepods and

then fish. Since L. armatus serves as the second intermediate host,

it probably acquires the infection by feeding directly on copepods, or
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by feeding on smaller fish that are infected. Since the larval cestodes

were collected in very small fish from B29 it must be assumed that

the life cycle of the cestode operates to some extent in Yaquina Bay.

The only elasmobranch that regularly occurs in Oregon estuaries

is the big skate Raja binoculata Girard (Beardsley and Bond, 1970)

so it is probably the final host of the cestode. Raja binoculata is

much more common offshore than in bays and thus the life cycle of

the cestode in question is potentially more efficient offshore. Since

small fish were rare offshore one would expect large fish to be more

heavily infected with larval cestodes, as was observed (Figures 9

and 10).

Larval tetraphyllidean cesto4es were shown to have a positive

association with the trematode Bucephalopsis ozakii. This indicates

that Leptocottus armatus probably acquires both these parasites while

feeding on a single intermediate host. As already discussed, L.

armatus acquires B. ozakii by feeding on small fish, and it is likely

that larval cestodes are acquired in the same manner since small fish

often serve as their second intermediate hosts. Therefore, when L.

armatus feeds on the fish that is the second intermediate host of B

ozakii it also has a good chance of obtaining plerocercoids of the tetra-

phyllidean cestode, and this explains the positive association. In this

situation, L. armatus serves as a transport host for the cestode.

The Contracaecum sp. collected from L. armatus bear a very
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close resemblance to Contracaecumcornutum (Stossich) as described

by Baylis (1923) and Berland (1961). The morphological characters

appear to be identical with those of C. cornutum, however, the mdi-

viduals from L. armatus are much smaller than those previously

reported. Baylis reported that the largest male measured 23 mm

in length and that the largest female was about 49 mm in length.

Berland stated that males may reach at least 45 mm, and females

at least 65 mm in length. The largest male Contracaecum from

L. armatus was 12 mm and the largest female was 19 mm in length.

Contracaecum cornutum has been reported from the stomach of

marine fishes, but has not been observed to occur in ulcers as the

specimens in L. armatus. These differences may be the result of

some host-parasite interaction and since the morphological characters

resemble C. cornutum, the nematode from the stomach of L. armatus

is tentatively identified as Contracaecum cornutum.

The Contracaecum sp. in L. armatus appeared to demonstrate

a seasonal incidence pattern at B15 with an increase during spring

and summer and a decrease during winter. Young of the year L.

armatus, abundant in April, were rarely infected with nematodes and

thus the incidence was low. As these fish grow, more and more

of them become infected, increasing the incidence. The decrease

in both incidence and intensity in the winter indicates that a portion

of the nematode population dies during that time.
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Contracaecum cornutum was the only parasite of L, armatus

that was pathogenic. It was found in definite ulcer-like cavities in

the mucosal wail of the stomach and in heavy infections caused severe

hemorrhaging. Contracaecum cornutum was always found associated

with ulcers except in very heavy infections when they spread to other

areas, but stomach ulcers were occasionally observed without

nematodes. Thus, the nematodes may invade ulcers already present,

or the healed ulcers may be ones which the nematodes have vacated.

Juvenile nematodes have been reported associated with stomach

ulcers in marine fishes, but to my knowledge this is the first case

in which adults have been found in ulcers. Arai (1969) reported juve-

nile Anisakis sp. in ulcers in the ling cod Ophiodon elongatus, and

Young and Lowe (1969) found juvenile Anisakis sp. and Contracaecum

sp. associated with ulcers in seals and porpoises.

The nematodes probably infect L. armatus as third stage juve-

niles and then pass through two molts and subsequent growth periods

before maturing. This accounts for the size variation observed in

the ulcers.

Juvenile Contracaecum aduncum have been observed in plank-

tonic invertebrates and in fish, and although the life cycle has not

been traced experimentally, a probable life cycle has been postulated

(Berland, 1961). Two intermediate hosts are probably required,

planktonic invertebrates normally and fishes occasionally, serve as
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first intermediate hosts, and fishes normally and planktonic inverte-

brates occasionally, serve as second intermediate hosts. Fish are

definitive hosts. It is possible, however, that only one intermediate

host is necessary and that invertebrates and fishes serve equally well.

On the other hand, Popova, Mozgovoi and Dmitrenko (1964)

reported that poiychaetes were experimentally infected with juvenile

C. aduncum and that they were also observed with natural infections

in the benthos. The authors suggested that further development was

direct and that where larval stages were found in marine fish they

were reservoir hosts only.

If Contracaecum cornutum in L. armatus has a similar life

cycle, the fish becomes infected by feeding on an infected invertebrate

or possibly a fish.

Contracaecum aduncum was present in some offshore fish

collected during the winter. The nematodes were virtually identical

with C. magnum which was described by Smedley (1934) from L.

armatus and two other marine fishes. Margolis and Butler (1954)

suggested that C. aduncum and C. magnum were synonymous and I

support that opinion.

No apparent seasonal cycle occurred in Echinorhynchus gadi

infections. Very small E. gadi were collected during all seasons

from fish collected at and above B29, and the incidence of infection

was usually greatest at B29, suggesting that the life cycle operates



in that region.

Although the life cycle of E. gadi has not been traced in Yaquina

Bay, it has been shown in other areas to utilize various species of

amphipods as intermediate hosts (Ekbaum, 1938). The life cycle in

Yaquina Bay appears to operate in the upper estuary but, depending

on the distribution of the amphipod host, may also operate in other

areas of the bay and even offshore.

It can be concluded that all the parasites of L. armatus may

be acquired in Yaquina Bay, although it would appear more likely that

the larval tetraphyllidean cestode is acquired offshore.

There is evidence (Pratt and McCauley, 1961) that the trematode

fauna of Yaquina Bay is similar to that of Puget Sound, Washington,

even though the two areas are much different hydrographically. One

obvious similarity, however, is the relative quiet water in these areas

compared to the exposed outer coast. This may be the prime factor

in determining the distribution of the parasites.

The only other extensive investigation of the parasites of L.

armatus was performed by Dunlap (1951). She listed the helminth

parasites of 100 L. armatus collected during the summer from Coos

Bay, Oregon, which is approximately 100 miles south of Yaquina Bay.

Because of the close proximity of the two bays one would expect the

parasite fauna to be similar. However, Dunlap did not report finding

any species of Bucephalopsis, Genolinea, larval cestodes or stomach
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nematodes. She reported greater incidences of E. Podocotyle

olssoni instead of Podocotyle atomon, and a lower incidence of

Tubulovesicula lindbergi. No obvious explanation exists for the

difference in parasite fauna in the two bays.

It was hoped that some of the parasites of L. armatus might

serve as biological tags to trace the movements of L. armatus within

Yaquina Bay and between the bay and the ocean. However, parasite

data were not used to determine movements in and out of Yaquina Bay

because no obvious pattern of parasitic infections was observed.

Movements within the bay were difficult to determine from parasito-

logical data because it was not known exactly where in the bay a

particular parasite was acquired. However, since Genolinea laticauda

was most abundant at B15 and Tubulovesicula lindbergi most abundant

at B29, both for periods of three or four months, fish in these regions

must not have moved extensively. If there had been extensive move-

ment between B15 and B29 then the two parasites would have been

more evenly distributed.



SUMMARY

A total of 560 Leptocottus armatus were collected from October,

1970 to November, 1971 at three locations in Yaquina Bay, Oregon,

and between 20 and 40 fathoms offshore. Fish were present in

Yaquina Bay throughout the year, but were not abundant during Febru-

ary or March. Offshore, fish were collected from late August to

early June. Most of the staghorn sculpins apparently move into

Yaquina Bay during the summer. However, in Yaquina Bay they

spawn primarily during fall and winter. Young of the year fish were

first collected in March, bit were probably present much earlier.

All young fish were collected in Yaquina Bay and were about 12.0 cm

in length when one year old. The young fish live in Yaquina Bay for

about one year before some of them begin to move offshore.

A total of 526 L. armatus were examined for parasites. Seven-

teen species of parasites were found, but only seven were considered

abundant.

Genolinea laticauda was found in the stomach of 25. 1% of the

fish with intensities ranging from one to 87 trematodes per fish.

Both incidence and intensity of infections were greater in the larger

fish and both factors increased during the spring and summer and

decreased in the fall. The incidence was significantly greater at B15

than at B29 during the summer, and all of the very smaliG. laticauda
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were collected at B15. This indicated that the life cycle of this

parasite operated most efficiently at B15. Recruitment of immature

C. laticauda began in April and continued through August. This

trematode matured in about four months and the average life span

was about seven months although the maximum life span is probably

at least one year.

Tubulovesicula lindbergi occurred in the stomach of 50.8% of

the fish with intensities ranging from one to 51 parasites per fish.

The incidence of the infections was greatest in small fish, but the

intensity was the same for all sizes. Both the incidence and intensity

increased in the spring and summer and decreased in the winter. The

intensity was significatiy greater at B29 during the summer than at

B15, and 94.0% of the very small trematodes were collected at B29.

This indicates that the life cycle of T. lindbergi operates most effi-

ciently at B29. Recruitment of 12. lindbergi occurred throughout the

year, but immature forms were most abundant during June.

Podocotyle atomon occurred in the intestine of 42. 6% of the fish

with intensities ranging from one to 72 trematodes per fish. Both the

incidence and intensity of P. atomon infections were greater in large *

fish than small fish. No seasonal pattern of abundance was apparent,

but immature forms were collected only during April and May.

Bucephalopsis ozakii was found in the rectum of 38. 2% of the

staghorn scuipins with intensities ranging from one to 200 specimens
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per fish. Both the incidence and intensity of B. ozakii infections

were much greater in large than small fish because the second inter-

mediate host of this trematode is probably a fish which is more likely

to be eaten by a large staghorn sculpin. Incidences of B. ozakii were

higher offshore and at Bi 5 than at B29 because large fish were more

abundant in those areas.

Larval tetraphyllidean cestodes were observed in the rectum

of 40. 7% of the fish with intensities ranging from one to 120 cestodes

per fish. Both the incidence and intensity of the infections were

much greater in large fish than small fish. Because a skate, which

is more abundant offshore than in Yaquina Bay, is probably the final

host of the cestode, the life cycle of this tapeworm is probably most

efficient offshore where few small fish are found. The larval cestodes

were found to be positively associated with B. ozakii because both

parasites were most likely to parasitize larger fish.

Nematodes of the genus Contracaecum were observed in the

stomach of 28. 0% of the fish with intensities ranging from one to 100

parasites per fish. The nematodes closely resembled C. cornutum

although they were smaller than any previously reported. The

nematodes occurred in ulcers in the stomach and in heavy infections

caused severe hemorrhaging. The incidence of the infections in-

creased during the spring and summer at B15 and decreased during

the winter. Both the incidence and intensity of Contracaecum
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infections were greater in large fish than in small ones.

The acanthocephalan Echinorhynchus gadi occurred in the

intestine of 47.4% of the L. armatus with intensities ranging from

one to 41 parasites per fish. No apparent seasonal cycle occurred

in E. gadi infections. Immature individuals were found during all

seasons of the year, but always at B29 or above. Also, the incidence

of E. gadi infections was often greater at B29 than at B15. This

indicates that the life cycle operates near B29.

Ten other parasites were found to occur in or on . armatus.

Two ciliate protozoans, Scyphidia sp. and Trichodina sp. , were

observed on the gills and one myxosporidan, Ceratomyxa sp. was

observed in the gall bladder. Three other trematodes were collected

fromL. armatus. Amonogene, Gyrodactylus sp. was observed on

the gills and two digenes, Neopodocotyloides sinusaccus and Derogenes

sp. were collected from the intestine and stomach respectively. An-P

other nematode, Contracaecum aduncum was collected from the

intestine, and an unidentified leech of the family Piscicoiidae was

collected from the mouth of L. armatus. The leech was most abun-

dant during the late summer and early fail at B29 and above. Two

arthropods, the copepod Acanthochondria rectangularis and the isopod

lironeca vulgaris were also occasionally collected.

It was concluded that all the parasites of L. armatus could be

acquired in Yaquina Bay, although it was more likely that the larval
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cestode was acquired offshore.

The parasite data could not be used to determine movements

of L. armatus in and out of Yaquina Bay, but the data were utilized

to show that movements between B15 and B29 were not extensive.
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