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A Trematode Metacercaria Causing Gill Cartilage Proliferation in

Steelhead Trout from Oregon

Robert E. Olson1 and Jack R. PIerce,2 1Depa�ment of Fisheries and Wildlife, Coastal Oregon Marine Experi-
ment Station, Oregon State University, Hatfield Marine Science Center, Newport, Oregon 97365, USA; 2De-
partment of Biology, Austin College, Sherman, Texas 75090, USA

ABSTRAC’t’: Gills of steelhead trout (Onco-
rhynchus nnykiss) held in liveboxes to detect
the presence of pathogens in the Willamette

River (Oregon, USA) became heavily infected

with trematode metacercariae. The metacer-
cariae encysted adjacent to the cartilaginous
rods of gill filaments and elicited a host re-

sponse of cartilage proliferation from the peri-
chondriurn. Although some hyperplasia of gill
epithelium and fusion of Iamellae was appar-
ent, the extent of damage to the respiratory

surface was apparently insufficient to cause
trout mortality. Morphological characteristics of

the metacercariae did not allow precise iden-
tification, but they suggested affinities to either
the Heterophyidae or Cryptogonimidae. Some
heterophyids are known to cause proliferation

Of cartilage in fish gills, while cryptogonimids

are not. This is the first report of trematode

induced gill cartilage proliferation in steelhead
trout.

Key words: Metacercaria, gill cartilage pro-

Ii feration , Oncorlmynchus inykiss, pathology,

steelhead trout.

As part of an effort to determine the

resistance of two hatchery stocks of winter

steelhead trout (Oncorhynchus mykiss) to

the myxosporidian pathogen, Ceratoinyxa

shasta, the Oregon Department of Fish

and Wildlife (ODFW, Corvallis, Oregon,

USA) held steelhead trout in live boxes at

Riverview Marina on the Willamette River

near Corvallis, Oregon (USA: 44#{176}35’N,

123#{176}16’W) during the summer of 1993.

Fish were sampled periodically throughout

the summer months and examined for

pathogems. Although C. shasta was the

dominant pathogen in these fish, a trem-

atode metacercaria that located in the

steelhead trout gills was present in sub-

stantial numbers in individual fish. We ob-

tained a sample of seven steelhead trout

that had been held in a Willamette River

livebox from 2 June 1993 until 27 Septem-

ber 1993. This report describes the trem-

atode infection and the host tissue re-

sponse to them.

The seven steelhead trout (200 to 247

mm. total length) from Marion Forks

Hatchery (Idanha, Oregon, USA) stock were

examined for the presence of gill meta-

cercariae. Using a dissecting microscope, the

number of trematode metacercariae per gill

ifiament was determined for each trout by

counting the larvae in a total of 50 gill fila-

ments taken from 3 gill arches. Several me-

tacercariae were dissected from their cysts,

fixed in warm AFA (ethyl alcohol formalin-

acetic acid fixatine) and stained with Semi-

chon’s acetocarmine . Representative gill

arches were fixed in Bouin’s solution before

routine histological preparation and staining

with Wheatley’s modified Gomari trichrome

(Alger, 1966). In the following description

means for examination and measurement

data are followed by the standard deviation

(SD) in parenthesis. Representative sped-

mens of metacercariae are deposited in the

H. W. Manter Parasitological collection

(University of Nebraska, Lincoln, Nebraska,

accession number HWML 39318).

All seven steelhead trout were infected

with trematode metacercariae in gill tissue

(Figs. 1,2). The mean number of meta-

cercariae per gill filament for all fish was

12.9 (5.5) and ranged from 6.8 (2.9) in the

most lightly infected fish to 18.6 (3.8) in

the heaviest. To obtain an estimate of the

total number of trematodes in each fish,

the number of gill filaments on each of 10

gill arches was counted (mean 95.8, SD

= 4.05) and the result multiplied by the

number of gill arches per fish (8) and then

by the mean number of trematodes per gill

filament. Based upon this, the mean mum-

her of metacercariae per fish was 9,847

(3,621; range = 5,181-14,286).
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Fictist: I . \\et mmsommmmt of gill filammients of steel-

heatl trout �vitii mmietacercarial cysts. Bar 5(X) �j.nm.

Living trematode nietacercanae were

dissected from several cysts. They mea-

sured approximately 500 p.m in length a!-

though they were capable of substantial

contraction and extension of their bodies.

Eight fixed and stained metacercariae had

a mean length of 359 l��’ (40.5) and a

mean width of9O.6 �.un (21.7).

Metacercariae were elongate, minutely

spinose, with a relatively large oral sucker

surrounded by a single row of 29 to 32

circumoral spines (Fig. 3). The pharynx

was separated from the mouth by a pre-

pharvnx, the ventral sucker was small and

in the posterior third of the body, the di-

gestive tract extended posterior to the ven-

tral sucker. Reproductive organs were not

developed and a ventrogenital sac was not

observed.

Histological sections of steelbead trout

gill tissue were examined to determine the

specific location of metacercarial cysts and

any host tissue response to them. In nor-

ma! gill tissue a gill filament is supported

by a rod of specialized cartilage. The ma-

ti-ix in gill rod cartilage is aci(lophilic and

there is less of it per cell than in 1m)st oth-

er types of cartilage, the chondrocytes are

basophilic ( Stoskopf, I 993). Each meta-

cercaria was located adjacent to a cartilag-

inous rod and was enveloped by the pen-

chondrium (Fig. 4). Thirty metacercarial

cysts were measured, Using the iflsi(Ie of

cysts as reference points. The mean length

was 160 i.tt.n (19) while the iiiean width

was 77 �im (9). Each cyst was directly stir-

rounded by one to several layers of flat-

tene(l fibrous tissue amid tisemi usuall’ emn-

bedded in an area of proliferating canti-

lage, five to eight cell layers thick. Com-

pared to the mature cartilage of the gill

rod, the proliferating cartilage surrounding

the parasite was characterized by less pro-

nounced lacunae and less matrix (Fig. 4).

In most cases, cartilage proliferation was

not sufficient to modify the structure of

the gill lamellae; however, hvperplasia of
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filament epitheliuin in �oii�e areas did lead

to fusion of gill lamellae and loss of respi-

ratorv surface (Fig. 5). Noga ( 1996) mdi-

cate(l that while metacercariae usually are

innocuous and cause little harm, they can

affect organ function if they displace suf-

ficient host tissue. Additionally, the char-

acteristic lack of substantial host response

to metacercariae is probably due to cyst

formation by the parasite.

Most cercariae which penetrate fish tis-

sues are not highly host specific, although

they are often organ-specific (Paperna,

1995). Metacercanae belonging to many

different trematode families are known to
encyst in the gill tissues of fishes and often

elicit a fibroblastic response by the host

(Blazer and Gratzek, 1985). In some cases,

however, parasites may localize near the

cartilaginous rod of the gill filament. Here

they may elicit a host response of gill car-

tilage proliferation. Reports of trematode

metacercariae causing proliferation of gill

Fiuuist: 4. Ilistological sectiomi of gill filammieimt of

steelbead trout ssitli cartilagenous gill rod ( H ) mini

lansellae ( L). Nletacercarial cysts ( NI ) lie a(ljaceimt to

gill rod dil(l are enveloped b� perichondriummi amid pro-

Iif’erating cartilage (). Note fusion of lainellae (1).

\Vheatlevs imlo(lified (omimari trichromne staimi. liar

2(X) p.m.

cartilage have all been putatively caused by

members of the family Heterophyidae (So-

gandares- Bernal and Lumsden , 1963;

Martin, 1964; Blazer and Gratzek, 1985;

Paperna, 1995). Sogandares-Bernal and

Lumsden ( 1963) observed metacercariae

of Ascocotyle angrense in the gill filament

cartilage of cyprinodont and poeciliid fish-

es of the southern and eastern United

States. Martin (1964) reported that Pygi-

diopsoides spindalLs cercariae penetrate

the gills of Fundulus parvipinnis. There

they encyst adjacent to the cartilaginous

rod of the gill filament. The host then en-

closes the metacercaria in a thin layer of

bone or cartilage. Blazer and Gratzek

(1985) observed a reaction that often con-

sisted of extensive cartilage proliferation

around metacercariae in four species of
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naturally infected pondraised aquarium

fishes in Florida (USA) and in two exper-

imentally infected species. They stated

that the metacercariae that they observed

resembled members of the family Heter-

ophvidae, especially those in the genus Py-

gidiopsoides and in the Ascocotyle spp.

complex. A similar host response was de-

scribed by Farstey as cited in Paperna

( 1995) from the cichlid Oreochroinis au-

rea, at Lake Kinneret (Israel). Metacercar-

iae in this case belonged to the genus Cen-

trocestus of the family Heterophyidae. In

a detailed study of mineralized ossicles as-

sociated with metacercariae of the heter-

ophyid Apophallus brevis in the muscula-

ture of Perca flavescens, Taylor et a!.

(1994) found that the ossicles were com-

posed of ectopic bone; a single metacer-

caria had located in a gill arch rather than

muscle and chondroblast-like cells had

surrounded the parasite.

The unequivocal assignment of the

steelhead trout metacercariae to trema-

tode family was not possible based upon

observable characteristics of the larval

trematodes. It was not possible to distin-

guish between the families, Heterophyidae

or Cryptogonimidae, based upon cumula-

tive morphological evidence. These char-

acteristics included small size, spinose epi-

dermis, circumora! spines, presence of a

pre-pharynx and a small ventral sucker.

Characteristics that suggested an affinity of

these metacercariae with the family Het-

erophyidae included the above characters,

genera! size and shape, and especially that

they located specifically in the cartilage of

the gill filaments where they were associ-

ated with proliferation of cartilage cells.

The steelhead metacercariae differed from

the heterophyid genera noted above in the

number of circumora! spines. The para-

sites in steelhead have a single row of 29

to 32 spines; A. angrense has an anterior

row of 16 to 18 and a posterior accessory

dorsal row of two to three spines (Sogan-

dares-Berna! and Lumsden, 1963); P spin-

dalis has a single row of 14 (Martin, 1964);

and C. fonnosanus has a double row of 30

to 36 circumora! spines (Chen, 1942). The

number of circumoral spines did corre-

spond with those of certain cryptogoni-

mids, such as in Allacanthochasmus sp. In

known species of the family Cryptogo-

nimidae, the metacercariae located in tis-

sues other than gill cartilage, often skin or

body musculature (Schell, 1985). The only

reported heterophyid metacercaria encyst-

ed in fishes in Oregon is Apophallus do-

nicus. Metacercariae of A. donicus encyst

in and beneath the skin of six species of

northwestern Oregon fishes (Niemi and

Macy, 1974). There have been no reports

of cryptogonimid metacercariae in Oregon

fishes.

Our observations of infected steelhead

trout suggested that although the parasites

did cause cartilage proliferation, damage

to the respiratory surface of the gill was
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probably not sufficient to be a direct cause

of mortality. Blazer and Gratzek (1985)

found that cartilage proliferation was ex-

tensive in some cases and was associated

with fusion of gill filaments. In heavily in-

fected fish, the resulting reduction in re-

spiratory surface was postulated to be

harmful to fish stressed by low oxygen con-

ditions. Paperna (1991) reported similar

respiratory stress in cichlids and carp and

mortality in farmed Japanese elvers, all in-

fected by metacercariae of Centrocestus

sp. that located in gill cartilage. It is not

known whether or not free-ranging steel-

head trout serve as intermediate hosts for

the trematode metacercaria discussed here

or if confinment in live-boxes facilitated

infection.

We thank R. Holt and T Amandi of the

Oregon Department of Fish and Wildlife

for providing the infected steelhead trout.

This is Oregon Agricultural Experiment

Station Technical Paper No. 11011.
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