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Observations on the Life Cycle of Proteocephalus tumidocollus
(Cestoda: Proteocephalidae) in Steelhead Trout,
Oncorhynchus mykiss
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ABSTRACT: The life cycle of Proteocephalus tumidocollus in a brackish water, aquacultural pond involves
steelhead trout (Oncorhynchus mykiss) as definitive hosts, and freshwater (Diaptomus sp., Paracyclops fimbriatus
poppei) or benthic marine (Halicyclops sp.) copepods as intermediate hosts. Steelhead trout do not feed on
copepods directly. Instead, they consume the macroalga Enteromorpha sp. with epiphytic copepods attached.
Between May 1981 and July 1982, there were no statistically significant monthly variations in prevalence, mean
intensity, or relative density of P. tumidocollus in steelhead trout. However, there were marked decreases in
mean intensity and relative density and a marked increase in the percentage of cestodes that were gravid in
January to March 1982 when Enteromorpha sp. was absent from the pond.
KEY WORDS: Proteocephalus tumidocollus, Proteocephalidae, Cestoda, life cycle, seasonality, steelhead trout,
Oncorhynchus mykiss, California.
Wagner (1953) described Proteocephalus tumidocollus from rainbow and brook trout from
the California Trout Company, Mentone, California. Five reports of P. tumidocollus have since
been published (Hicks and Threlfall, 1973; Hanek and Molnar, 1974; Arthur et al., 1976; Mamer, 1978; Arai and Mudry, 1983).
Wagner (1954) studied the life cycle of P. tumidocollus in freshwater. He fed its eggs to the copepods Cyclops vernalis, Eucyclops agilis, Eucyclops speratus, and Tropocyclops prasinus,
which became infected. He was unable to infect
the copepods Macrocyclops albidus and Paracylops fimbriatus poppei nor several other invertebrates. Procercoids developed rapidly at 20°C
and became infective to trout at 9 to 19 days
postinfection (PI). Trout definitive hosts became
infected by eating copepod intermediate hosts.
Second intermediate hosts were not required, although large trout could become infected by eating small infected trout.
Proteocephalus tumidocollus is common in
steelhead trout, Oncorhynchus mykiss (Walbaum), in the brackish water ponds of the Arcata
Waste water Aquaculture Project, Arcata, California. While freshwater species of Proteocephalus are common and well studied, brackish water
species are rare and poorly known (Wardle and
McLeod, 1952; Yamaguti, 1959; Freze, 1965;
Schmidt, 1986). The Arcata system offered an

unusual opportunity to examine the seasonality
and life cycle of a Proteocephalus sp. in brackish
water.
Materials and Methods
Infected steelhead trout were obtained from South
Pond (0.6 ha, avg. depth 2 m, avg. salinity 14.5 ppt),
Arcata Wastewater Aquaculture Project, Arcata, California. Uninfected steelhead trout fry were obtained
from the Humboldt State University Fish Hatchery.
Fish were held in 19-3 8-liter aquaria supplied with
11°-17°C aerated, filtered water. Potential invertebrate
hosts were sieved from South Pond (brackish water),
the adjacent oxidation pond of the Arcata sewage treatment plant (freshwater), or from the adjacent Butcher's
Slough on Humboldt Bay (seawater). Invertebrates were
cultured in 2-19-liter aquaria (11°-17°C) and fed yeast
and flaked fish food.
Seasonal occurrence of P. tumidocollus in steelhead
trout from South Pond was determined from fish collected by angling at weekly intervals from 12 May 1981
to 31 July 1982. Seven to 20 fish were obtained at each
sampling. Fish total length and weight were recorded
prior to necropsy. Necropsy procedures were standard
(Hoffman, 1967). Food items in stomachs offish hosts
were analyzed quantitatively using percent composition by weight (Bowen, 1983).
Adult cestodes were placed in 0.7% saline and allowed to shed eggs for use in life history studies. Eggs
were used to expose cultured invertebrates, which were
examined for developing procercoids from 30 min to
86 days after initial exposure. In addition, 150 wild
Anisogammams confervicolus (Stimpson) (Amphipoda) from South Pond were examined for natural procercoid infections.
To infect experimental fish definitive hosts, invertebrates from cultures were fed to hatchery-reared (cestode-free) steelhead trout fry. Twenty-five fish were fed
Anisogammams confervicolus (Amphipoda), and 25 fish
were fed a combination of Corophium spinicorne
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Table 1. Levels of infection of Proteocephalus tumidocollus and percentage of cestodes gravid in steelhead trout,
Oncorhynchus mykiss, from South Pond, Arcata Wastewater Aquaculture Project, California, May 1981 to July
1982.

Month

No. of fish
examined

1981
May
June
July
August
September
October
November
December

14
12
8
16
18
18
20
7

1982
January:):
February:):
March:}:
April
May
June
July

13
12
8
16
20
18
16

No. of fish
infected (%)

Mean
intensity*

Relative
densityf

6 (42.8)
3 (25.0)
4 (50.0)
2(12.5)
8 (44.4)
8 (44.4)
6 (30.0)
2 (28.6)

8.5
7.7
5.8
1.5
7.5
4.8
17.7
5.0

3.6
1.9
2.9
0.2
3.3
2.1
5.3
1.4

4 (30.8)
6 (50.0)
1 (12.5)
7 (43.8)
10 (50.0)
7 (38.9)
4 (25.0)

6.0
2.5
2.0
30.0
19.7
10.7
8.2

1.8
1.2
0.3
13.1
9.8
4.2
2.1

Range in nos.
per infection

2-28
6-7
2-4
1-2
1-37
1-10
2-84
4-6
1-11
1-5
2
1-66
1-125
1^8
1-25

Percentage of
cestodes gravid

74.5
13.0
13.0
0
25.0
92.1
19.8
70.0
100
93.3
100
96.2
29.4
57.3
0

* Total number of cestodes in sample 4- number of infected hosts in sample.
f Total number of cestodes in sample -f- total number of hosts in sample.
t No Enteromorpha sp. in South Pond.

Stimpson (Amphipoda) and Gnorimosphaeroma oregonensis (Dana) (Isopoda). Twenty-five fish were fed
a mixture of small Copepoda, including Diaptomns sp.,
1 planktonic and 1 benthic species of Halicyclops,
Paracyclopsfimbriatuspoppei(Rehberg), and Tigriopus
californicus (Baker). Seventy-two fish were held as controls and were fed a commercial trout pellet. After 8
wk, all fish were killed and examined for cestodes. In
addition, 26 three-spined sticklebacks (Gasterosteus
aculeatus L.) from South Pond were examined for cestodes to see if they might be capable of passing juvenile
cestodes on to steelhead trout via predation.

Results
Proteocephalus tumidocollus was recovered
from the pyloric ceca of 78 of 216 (36.1%) steelhead trout examined from South Pond during
the seasonal survey. It was present in all months
of the year. There was no marked seasonal variation in prevalence (Table 1). Relative density
and mean intensity seemed to vary seasonally
with peaks in November 1981 and May 1982;
however, these variations were not statistically
significant by analysis of variance (P < 0.05).
There was a marked decrease in mean intensity
and relative density in January to March 1982
when Enteromorpha sp. was absent from South
Pond. Prevalence, mean intensity, and relative
density all increased as fish total length increased.
Gravid cestodes occurred in all but 2 mo and

were most prevalent in winter, particularly in
those months when Enteromorpha sp. was absent from South Pond (Table 1).
Analysis of stomach contents from 68 steelhead trout from South Pond showed that on a
percent composition by weight basis, they ate:
Corophium spinicorne (Amphipoda) 36.70%, A.
confervicolus (Amphipoda) 29.90%, detritus
11.90%, Enteromorpha sp. (macroalga) 4.80%,
mysids (Crustacea) 3.60%, G. aculeatus (fish)
2.50%, G. oregonensis (Isopoda) 2.12%, filamentous algae 1.90%, earwigs (terrestrial insects)
1.70%, Diptera 1.41%, unidentifiable fish larvae
1.20%, annelids 1.60%, unidentifiable invertebrates 0.36%, crabs 0.30%, and copepods 0.01%.
Enteromorpha sp. was eaten whenever it was
available in South Pond (May to December 1981,
April to July 1982).
Experimental infections were established in the
copepods Diaptomus sp., P. fimbriatus poppei,
and a benthic species of Halicyclops. The freshwater copepod Acanthocyclops (A.) vernalis (Fischer) was also experimentally infected. This
species enters South Pond when the pond is filled
using a mixture of treated sewage effluent and
seawater. However, it cannot tolerate the salinity
in South Pond for very long. Anisogammarus
confervicolus (Amphipoda), C. spinicorne (Am-
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phipoda), G. oregonensis (Isopoda), T. californicus (Copepoda), and a planktonic species of
Halicyclops (Copepoda) were refractory to experimental infection. None of 150 wild A. confervicolus examined from South Pond was infected.
Three of 25 hatchery-reared steelhead trout fed
copepods (Diaptomus sp., 1 planktonic and 1
benthic species of Halicyclops, P. fimbriatus poppel, T. californicus) from exposed cultures had
immature P. tumidocollus at 56 days PL One fish
had 3 cestodes and 3 fish had 1 immature cestode
each. All cestodes were attached to the pyloric
ceca. None of the 25 fish fed exposed A. confervicolus, none of the 25 fish fed exposed C. spinicorne and G. oregonensis, and none of the 72
control fish was infected. None of 26 three-spined
sticklebacks examined from South Pond harbored cestodes even though smaller sticklebacks
fed almost exclusively on copepods.
Discussion
Both marine (benthic Halicyclops sp.) and
freshwater (Diaptomus sp., P. fimbriatus poppei)
copepods are suitable intermediate hosts for Proteocephalus tumidocollus in South Pond. In addition, the entire life cycle takes place in brackish
water. This utilization of a marine host and
brackish water is unusual among species ofProteocephalus (Wardle and McLeod, 1952; Yamaguti, 1959; Freze, 1965; Schmidt, 1986).
Copepod intermediate hosts of P. tumidocollus
are not an important item in the diet of steelhead
trout definitive hosts in South Pond (0.01% by
weight). However, the benthic Halicyclops sp.
and P. fimbriatus poppei are epiphytic on the
macroalga Enteromorpha sp. Enteromorpha sp.
accounted for up to 30.1% by weight of the diet
of steelhead trout in some months (4.8% over
the entire study). Thus, steelhead trout in South
Pond most likely become infected by incidentally
ingesting copepods as they feed on Enteromorpha sp. This incidental mode of infection has not
to our knowledge been reported previously.
There were no statistically significant monthly
variations in prevalence, mean intensity, or relative density of P. tumidocollus in steelhead trout
in South Pond. However, there was a marked
decrease in both mean intensity and relative density, and a marked increase in the percentage of
cestodes recovered from steelhead trout that were
gravid in January to March 1982 when Enteromorpha sp. was absent from South Pond. In the
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absence of Enteromorpha sp., steelhead trout do
not eat significant numbers of copepods. Hence,
new infections do not occur. Measures of infection intensity are reduced and cestodes from older infections tend to become gravid. Thus, seasonal cycles in abundance or maturity of P.
tumidocollus in steelhead trout in South Pond
depend largely on the seasonal occurrence of Enteromorpha sp. Enteromorpha sp. is normally
present in South Pond as long as South Pond
remains sufficiently brackish. When there is sufficient rain to dilute South Pond (most likely in
the winter rainy season), Enteromorpha sp. dies
back and in some years disappears altogether.
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