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The monogenetic trematode Gyrodactylus stellatus infects

juvenile English sole (Parophrys vetulus), speckled sanddabs (Citha-

richthys stigmaeus) and starry flounder (Platichthys stellatus) in

Yaquina Bay, Oregon. The prevalence and intensity of infections were

generally higher on juvenile English sole (P. vetulus) than on

speckled sanddabs (C. stigmaeus) or starry flounders (P. stellatus).

During a one year observation period, the prevalence and intensity of

infections on juvenile English sole (P. vetulus) averaged 69.2% and

5.5 worms per fish, respectively. Maximum prevalence and intensity

of infections were observed in June, 98% and 10.1 worms per fish, and

the minimum in October, 37% and 1.7 worms per fish.

In the laboratory, the intensity of infection of G. stellatus on

juvenile P. vetulus reached substantially higher levels than were

ever observed in the estuary. Intensity of infection increased

rapidly for nine weeks (from 2.5 0.6 to 1,285.9 + 733.8 worms per

fish), then decreased over the next three week period to 230.1 -'-
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284.2 worms per fish. Weekly observation of infection levels from

fifteen to fifty weeks after introduction into laboratory tanks

showed a relatively low and constant average infection intensity that

varied between 8.4 ± 7.7 and 125.3 + 122.5 worms per fish.

An experiment to examine the effect of host density on the rate

of parasite increase showed that the rate varied with host density

and generally increased with increasing host density. Temperature

was found to influence the rate of G. stellatus reproduction which

increased progressively as temperature increased from 6 to 18 C.

Gyrodactylus stellatus also increased at a significantly faster rate

on unfed than on fed P. vetulus.

Salinity, age and previous experience with high infection levels

did not significantly influence the rate of G. stellatus increase on

laboratory infected P. vetulus.

The inter-relationship between host, parasite and environmental

factors is complex and it is difficult to determine that one factor

has more effect than others in influencing infection levels. The

results of these experiments suggest that both physical factors such

as temperature and host density per unit area and the physiological

state of the host play a role in the host-parasite relationship

between P. vetulus and G. stellatus.
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HOST PARASITE RELATIONSHIPS BETWEEN GYRODACTYLUS STELLATUS

AND THE ENGLISH SOLE (PAROPHRYS VETULUS)

CHAPTER I.

INTRODUCTION

Monogenetic trematodes in the genus Gyrodactylus are ecto-

parasites on the body surface of freshwater and marine fishes (Davis,

1965), and in Yaquina Bay, Oregon are common parasites on juvenile

English sole (Parophrys vetulus). Gyrodactylids are small (less than

1 mm) and attach to their hosts by means of a posterior attachment

structure termed the haptor that consists of hooks and anchors on a

sucker-like disc (Baer, 1951). In North America a total of 76 spe-

cies of Gyrodactylus have been described from 19 families of fishes

(Mizelle and Kritsky, 1967b). Davis (1953) found that Gyrodactylus

spp. occur almost anywhere on the host, but most commonly on the

fins. The affected surfaces may become covered with a bluish grey

slime caused by increasing mucus secretion. When the parasites

become very abundant, the fins become frayed and may eventually be

worn down to mere stubs. In the Pacific Northwest gyrodacty lids

periodically cause severe losses of cultured salmonids (Wood, 1974)

and they are among the most important parasites limiting production

of the golden shiner (Notemigonus crysoleucas) as bait fishes in the

United States (Lewis and Ulrich, 1967; Lewis and Lewis, 1970). Gyro-

dactylids have also been observed to be pathogens in the marine
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environment. In a study by Lester and Adams (1973), 54 of 67 experi-

mentally infected sticklebacks died due to the effects of Gyrodacty-

lussp. According to Pearse (1972), G. unicopula has been found to

be associated with nDrtality in plaice (Pleuronectes platessa) under

culture conditions in Europe.

Monogenetic termatodes have a single-host life cycle, the trans-

formation of the larvae into adults occurs on the host, and no

intermediate host is involved (Baer, 1951). Most monogeneans produce

a large number of eggs that are released into the aquatic habitat.

Eggs of typical monogeneans hatch into a ciliated larva termed the

oncomiracidium that is free swimming and capable of seeking out a new

host (Cheng, 1973).

Unlike other monogeneans, gyrodactylids have no oncomiracidium,

are viviparous and produce one offspring at each birth (Lester and

Adams, 1974a). Gyrodactylus alexanderi from the threespine stickle-

back produces four embryos from each egg, one inside the other. The

first individual born has three embryos inside the uterus, the second

two embryos, the third one embryo and the fourth none. Within the

fourth individual, a new egg enters the uterus and the process is re-

peated. After the final embryo is born, the adult worm produces a

new egg which enters the uterus and more embryos subsequently

develop. In most gyrodactylids, the number of births from one adult

individual is probably about 3 or 4, and the time required for

development of an embryo from egg formation to time of birth is about

4 to 5 days (Bychowsky, 1961). According to Lester and Adams
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(1974b), newly born G. alexanderi, maintained at 15 C on isolated

threespine stick lebacks, gave birth to two individuals, the first

after an average of 1.6 days, and the second after 6.9 days.

Since the gyrodactylids do not have a swinilling larval stage to

infect new hosts, transfer of mature parasites may occur when hosts

are close together. Crowded conditions, cormionly found in hatcher-

ies, are conducive to the spread of these parasites (Guberlet,

Hansen and Kavanagh, 1927), but little is known of the factors that

stimulate gyrodactylids to leave a host in search of a new one

(Holliman, 1963; Erasmus, 1972; Llewellyn, 1981).

Populations of Gyrodactylus spp. on fishes undergo variations in

abundance that may be correlated with changes in environmental condi-

tions (Lester and Adams, 1974b). According to Williams (1970) tempe-

rature is one of the important factors affecting development of

monogentic trematodes. The relationship between degree of skin para-

sitism and temperature has been explored both in the Soviet Union and

the United States and strong correlation has been found between opti-

mum temperature for multiplication of parasites and outbreaks of

disease (Robert, 1975). Meyer (1970) found that Gyrodactyl us spp.

incidence and intensity varies with season. Gyrodactylus elegans has

been observed to reach a seasonal peak on gold fish (Carassius aura-

tus) during the months of April and May (Anthony, 1968), and G.

mugilus on striped mullet (Mugil cephalus) appeared consistently only

in late summer (Rawson, 1975). Hoffman and Putz (1964) found that

temperature plays an important role in determining outbreaks of
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Gyrodactylus. Lester and Adams (1974a) also found that temperature

not only affects the reproductive rate of Gyrodactylus but also

affects the life span. A study of the monogenean Diclidophora

ernbiotoci, showed that both temperature and salinity affect rate of

development and hatching success of the eggs (Hanson, 1973). Lester

and Adams (1974a) found that G. alexanderi on Gasterosteus aculeatus

was sensitive to abrupt salinity changes but could survive for a

longer period of time if the salinity were changed gradually.

Immunity may also be a factor that affects the population of

Gyrodactylus spp. on the hosts. Evidence for factors in mucus that

adversely affect monogenetic trematodes has been reported by Nigrelli

(1935) and by Hanson (1973). In general the immunity of fishes is

influenced by the environmental temperature, previous exposure to

pathogen, nutrition and age. However the relationship of these fac-

tors to immunity to monogenetic trematodes has not been shown experi-

mentally (Bauer, 1968; Polyansky, 1970; Corbel, 1975).

English sole (Parophrys vetulus) is one of the most common

flatfish species found along the Pacific Coast of the United States

and is an important component of the commercial fishery (Clemens and

Wilby, 1961). According to Olson and Pratt (1973) juvenile English

sole utilize Yaquina Bay as a nursery during at least a portion of

their first year of life. They found juvenile English sole in

Yaquina Bay during all months of the year. They were most abundant

from May through September with lesser numbers present from October

through March. Emigration of sole from Yaquina Bay was heavy in



October and was completed by November. Studies of the parasitology

of English sole in Oregon show Gyrodactylus stellatus to be common

(Olson, 1978). Although heavy infections with this parasite were

never observed on fish examined immediately after capture, juvenile

sole held in the laboratory for several weeks were often intensively

parasitized.

The purpose of this study was to develop a better understanding

of the host-parasite relationship between English sole and Gyrodacty-

lus stellatus and to determine the conditions that promote epizootics

of G. stellatus on English sole in the laboratory. Although previous

studies have examined the effects of temperature on gyrodactylids the

factors that promote epizootics under culture conditions have not

been clearly defined. Specific objectives were to determine the pre-

valence, intensity and seasonality of G. stel latus infections on

English sole in Yaquina Bay, Oregon, to determine the effect of

temperature, salinity and host density on the development of

laboratory epizootics, and to determine if immunity plays a role in

limiting the incidence and intensity of G. stellatus infections.



CHAPTER II

MATERIALS AND METHODS

Fish

Juvenile English sole (Parophrys vetulus Girard, 7.5±3.2 cm

long) were collected with a five meter otter trawl in Yaquina Bay,

Oregon and transported to the Oregon State University Marine Science

Center. The fish to be used in experiments were held in circular

tanks (87 cm in diameter with 125 liters of seawater) supplied with

running seawater about 3-4 liters/minute for 1-2 weeks to allow

feeding to begin. Fish for experiments were selected for uniform

size and absence of abnormalities. All fish were maintained on a

diet of conviercial moist salmon feed.

Adult English sole for use in experiments were obtained from a

group of sole that had been collected in Yaquina Bay as juveniles and

held in the laboratory for about two years.

Water temperature was recorded daily and salinity weekly. All

fish measurements were total length given in centimeters. Uninfected

fish for experiments were obtained by treating with a 1:4,000

formalin solution for one hour (Putz and Hoffman, 1963). Laboratory

infections were produced by placing uninfected fish in a tank with

2-3 infected fish for 1-3 days.
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The Size and Morphology of Gyrodactylus stellatus

An infected fish was killed by severing the anterior spinal cord

with scissors. The dead fish was held in a petri dish in a weak

formalin solution (1:5500) for 30 minutes to detach the Gyrodactylus

from the fish (Parker and Haley, 1960). The worms were taken from

the petri dish, placed in a stender dish and stained with Semichon's

carmine after dehydrating with alcohol. The worms were measured with

a calibrated ocular micrometer under a binocular microscope. Species

determination was based on the size and shape of the hard parts of

the anchors (Mizelle and Kritsky, 1967a).

Host Specificity of the Gyrodactylus stellatus

The other fish species that were caught by the trawl were kept

in different containers and checked to determine if they were also

infected by G. stellatus. An experiment was conducted to determine

host specificity of G. stellatus. Test fish were held in containers

filled with five liters of static seawater and the water was changed

daily. Test species were treated with formalin before two

individuals of each species were placed in containers with two

infected English sole. The species that were tested were starry

flunder (Platichthys stellatus Pallas), sand sole (Psettichthys

melanostictus Girard), speckled sanddab (Citharichthys stigmaeus

Jordan and Gilbert), Pacific staghorn sculpin (Leptocottus armatus

Girard), and buffalo sculpin (Enophrys bison Girard). Juvenile and

adult English sole served as controls. The presence or absence of



Gyrodactylus was checked three and six days after the experiment

began.

Prevalence and Intensity of Infections of
actylus stellatus on Yaguina Bay English Sole

Prevalence and intensity of infections of G. stellatus on

Yaquina Bay English sole by season and by size of fish were

determined from samples taken monthly from July 1981 to June 1982.

Shortly after capture, 50 fish were selected randomly and the number

of Gyrodactylus present on the fins of each fish was counted under a

dissecting microscope. Preliminary observations in this study and a

report by Lewis and Lewis (1970) showed that 80-90% of the worms

occur on the skin and fins, primarily on the fins.

The Rate of Increase of Gyrodactylus stellatus on
Juvenile English Sole Under Laboratory Conditions

The rate at which G. stellatus increased in numbers of juvenile

English sole (8.8+1.08 cm) under laboratory conditions was deter-

mined by following the course of infection on fifty naturally

infected individuals. The number of Gyrodactylus on each fish was

counted under a dissecting microscope weekly for one year.

Transfer of Gyrodactylus stellatus to a New Host

To study how the G. stellatus transfer from one host to another

an experiment was done. The experiment consisted of four treatments

with three replicates for each treatment. The containers were small



plastic boxes (34-37 cm long, 27 cm wide and 9 cm high) with five

liters seawater. Each box contained two infected and three

uninfected English sole. In the first and second treatments the

infected fish were placed in a smaller rectangular box (20 cm long,

10 cm wide, 6 cm high) with small holes (1-2 mm in diameter) on

three of its walls. The small box was then placed in one side of the

larger plastic box. The first treatment was supplied with running

water (1.75 1/mm.) with an inlet into the infected fish container

and an outlet in the uninfected fish container. The second treatment

was maintained with static seawater. In the third treatment the in-

fected and uninfected fish were put together in static seawater. In

the fourth treatment the infected fish were maintained in static sea-

water for three days, then after they were removed the unirifected

fish were put into the container and maintained for another three

days. During the experiment the fish were not fed. The unirifected

fish were observed to determine if they had become infected by Gyro-

dactylus after six days for the first, second and third treatments or

three days for the last treatment.

The Effect of Temperature on the Rate of
Gyrodactylus stellatus Increase on Juvenile English Sole

Naturally infected English sole were held in circular tanks of

running seawater maintained at 6, 12 or 18 C. Each treatment had two

replicates with 25 fish (10.3 + 1.12 cm) per replicate. Twelve

degrees centrigrade approximated ambient temperature (Frolander et
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al., 1973) and fish to be maintained at 6 or 18 C were acclimated

prior to the experiment. The acclimation was done by increasing or

decreasing temperature 1 C per day until 18 C or 6 C was reached.

The experiment extended for six weeks and the number of Gyrodactylus

per fish was counted weekly.

The Effect of Salinity on the Rate of
Gyrodactylus stellatus Increase on Juvenile English Sole

In an experiment to determine the effect of salinity on C.

stellatus, infected fish (10.1 + 0.62 cm) were maintained at

salinities of 14, 21 and 28 ppt. Treatment chambers were glass

aquaria (26 cm long, 16.5 cm wide and 14 cm high) containing four

liters of static seawater. There were three replicate groups of two

fish at each salinity. Ambient salinity was 28 ppt. Fish was

acclimated to the lower salinities by decreasing the salinity about 3

ppt per day, adding fresh water into seawater until 21 and 14 ppt

were reached. The number of Gyrodactylus was counted weekly for five

weeks. The water was changed daily and maintained at the appropriate

salinity.

The Rate of Gyrodactylus stellatus Increase at Different
Host Densities

An experiment was conducted to study the rate of increase of G.

stellatus at different host densities under laboratory conditions. A

single infected English sole was placed in circular tanks, 87 cm in

diameter (with 125 liters seawater) containing 0, 5, 15, 25 and 35
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uninfected individuals, 10.9 + 0.82 cm long (5,945 cm2, 991 cm2, 372

cm2, 229 cm2 and 165 cm2 per fish). Each of the five treatments were

obtained by treating naturally infected fish with a 1:4,000 dilutions

of formalin for one hour (Putz and Hoffman, 1963). The number of

parasites on each fish was counted once a week for six weeks.

The Susceptibility of the Hosts

To determine if immunity may play a role in limiting the rate of

parasite increase two experiments were conducted. To study the

possibility that host age may influence to C. stellatus infection, 30

juvenile (11.3 + 0.94 cm) and 30 two year old (19.1 + 1.56 cm)

English sole were treated with formalin and exposed to infection at

three different temperatures, 6, 12 and 18 C (10 fish of each age per

treatment). The number of parasites was determined once a week for

four weeks. The juvenile English sole were obtained from juvenile

sole that had been maintained in the laboratory for about two months.

Adult English sole were from a group of sole that had been collected

in Yaquina Bay as juveniles and held in the laboratory for about two

years.

To determine whether or not survivors of laboratory C. stel latus

epizootics had a heightened resistance to further infection, an

experiment was conducted that compared the development of infections

in juvenile English sole that had survived a heavy laboratory

infection with that in newly collected sole. Eight English sole from

a study of the rate of Gyrodactylus increase over one year were
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compared with fish that had been in the laboratory for one to two

weeks. Both groups were treated with formalin and then exposed to

Gyrodactylus. Three replicates of each treatment with two fish per

treatment were examined for Gyrodactylus weekly for five weeks.

The Rate of Gyrodactylus stellatus Increase on Fed and
Unfed Juvenile English Sole

An experiment was done to determine the effect of host nutrition

on the rate of increase of G. stellatus. Forty infected English sole

(7.95 ± 0.62 cm) were divided into eight groups. Each group was

maintained in a small plastic box with five liters of seawater and

supplied with running seawater at 1.75 1/minute. Four groups were

fed daily (5% of body weight of commercial moist salmon feed) and

another four groups were unfed. The number of Gyrodactylus was

counted weekly for five weeks.

Statistical Methods

The treatments in all experiments that were used to determine

the rate of increase of C. stellatus on P. vetulus under laboratory

conditions were arranged in completely random design (Cochran and

Cox, 1957). To determine the difference between treatments within an

experiment multiple regression and covariance analysis were used

(Neter and Wasserman, 1974), except the experiment that was conducted

to study the effect of host age on the rate of increase of

Gyrodactylus on P. vetulus. To analyze the results of the last

experiment the Wilcoxon signed-rank test was used. The difference
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between the treatments within an experiment was based on the slopes

of regression lines by using t-test and 5% level of significance.
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CHAPTER rrr

RESULTS

Morphological Characteristics of Gyrodactylus stellatus

Based upon internal morphology, body and ophisthaptor dimensions

and on anchor morphology and measurements, the Gyrodactylus sp.

parasitizing P. vetulus, P. stellatus and C. stigmaeus could not be

clearly distinguished from each other or from G. stellatus as

described by Crane and Mizelle (1967) from P. stellatus in Bodega

Bay, California (Table 1, Fig. 1). Some of the variation in body

dimensions was undoubtedly due to fixation of worms in a contracted

or extended position. Although the anchor of Gyrodactylus sp. from

P. vetulus and C. stigmaeus was slightly smaller than that described

for C. stellatus the shape of the various anchor elements was very

similar (Fig. 2). It is likely that the Gyrodactylus sp. on P.

vetulus in Yaquina Bay is C. stellatus.

Host Specificity of yrodactylus stellatus

Eight species of estuarine fishes collected in Yaquina Bay were

examined for Gyrodactylus infections. Worms were found only on a

starry flounder (Platichthys stellatus), speckled sanddab (Cithari-

chthys stigmaeus) and English sole (Parophrys vetulus) (Table 2).
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Table 1. Measurements of Gyrodactylus stellatus from
English sole (P. vetulus), speckled sanddab
(C. stigmaeus) and starry flounder (P.
stellatus) in Yaquina Bay

Host E. sole S. sanddab S.. flounder G. stellatus'

Species (n114) (n=23) (n=7)

Dimen- Aver- Aver- Aver- Aver-

sion('u) age Range age Range age Range age Range

Body Length 373 236-472 383 330-466 427 384-513 363 311-435

Width 103 65-153 97 59-124 91 89-94 113 70-153

Haptor Length 74 49-90 60 52-67 77 73-84 72 60-83

Width 57 35-87 49 29-58 54 44-64 65 55-77

Anchor 1a2 49 32-57 52 45-56 63 56-66 62 57-65

lar 14 7-28 12 8-15 16 11-21 - -

las 37 20-45 40 34-45 47 45-53 - -

lap 23 11-31 24 17-29 29 21-35 - -

lvb 16 11-20 15 11-17 20 17-22 - 22-29

'found in Bodega Bay, California by Crane and Mizelle (1967)

21a =length of anchor.

lar=length of anchor root.
las=length of anchor shaft.

lap=length of anchor point.

lvb=length of ventral bar.
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Figure 1. Seiidiagraiatic drawing of Gyrodactylus stellatus
on English sole (Parophrys vetulus) (1), starry flounder
(Platichthys stellatus) (2). and speckled sanddab
(Citharichthys stigmasus) (3) found in Yaquina Bay

ha haptor, hk hook, an - anchor, vs - vitellaria, ta = testis
ov - ovary, s - abryo, cb - contractile bladder, cr cirrus

ph - pharynx
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Figure 2. Semidiagrammatic drawing of anchors of Gyrodactytus atellatue
on English sole (Parophrys vetulu) (1), starry flounder
(Platichthys etellatus) (2), and speckled sanddab (Cithartchthys

maeus) (3) found in Yaquina Day.Oreqon, and (4) the anchor
of C. stellatus on starry flounder (P. stellatus) found in Bodega
Bay, California by Crane and Mizelle (1967)

ap anchor points, as anchor shafts, vh - ventral bars
db - dorsal bars, at - anchor roots



Table 2. Occurence of Gyrodactylus stellatus on estuarine fishes

from Yaquina Bay.

Preval- Intensity in
Fish species N Size (cm) ence(%) Mucus Fins

1. Lingcod (Ophiodon elongatus) 2 17.2 ± 4.7 - - -

2. Buffalo sculpin CE. bison) 7 14.8 ± 2.4 - - -

3. Pacific staghorn sculpin
(L. armatus) 10 14.8 ± 2.6 - - -

4. Starry flounder (P. stellatus) 9 25.0 ± 6.3 33.33 2.3±5.3

5. Sand sole (P. melanostictus) 2 39.0 ± 4.2 - - -

6. Speckled sanddab(C. stigmaeus)154 9.2 ± 1.6 41.56 - 1.2±2.1

7. Walleye surfperch
(Hyperprosopon argenteum) 3 10.9 ± 0.3 - - -

8. English sole (P. vetulus) 588 7.5 ± 3.2. 69.20 - 5.5±4.1

*) body mucus

When several estuarine fishes were exposed to Gyrodactylus

stellatus in the laboratory by placing them in containers with

infected English sole, C. stigmaeus, P. stel latus and Psettichthys

melanostictus became infected; the cottids Enophrys bison and

Leptocottus armatus did not (Table 3).

Prevalence and Intensity of Gryodactylus stellatus on
English sole in Yaquina Bay

Seasonal changes in the prevalence and intensity of G. stellatus

infections on juvenile English sole in Yaquina Bay were measured in
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Table 3. Host specificity of Gyrodactylus stellatus from
juvenile English sole (Parophrys vetulus) in the
experiment under laboratory conditions

3 days 6 days
No. No.

Size Worms in Size Worm in

Species (cm) Mucus Fins (cm) Mucus Fins

1. Buffalo sculpin (E. bison) 13.3 - - 13.5 - -

2. Pacific staghorn sculpin
(L. armatus) 17.5 - - 23.5 - -

3. Speckled sanddab (C. stigmaeus) 8.8 - 5 9.5 - 34

4. Starry flounder (P. stellatus) 23.0 - 3 27.5 - 3

5. Sand sole (P. melanostictus) 21.5 - 1 32.0 - 10

6. Adult English sole (P. vetulus) 21.0 - 6 17.5 - 10

7. Juvenile English sole (P. vet-
ulus) 10.3 - .13 10.3 - 37

*) One fish from each species was checked
**) Body mucus

fish sampled approximately monthly from July, 1981 to June, 1982.

Although samples were not collected in November and December when the

collecting boat was unavailable, this coincided with the period when

very few English sole are in the estuary (Olson and Pratt, 1973).

More than one sanple was collected in September, October and January.

The prevalence and intensity of infection by month and sole size

class are given in Table 4. The average prevalence for the year was

69.2% and the average intensity 5.5 worms per fish. Both the lowest

prevalence and the lowest intensity of infection occurred in October,

37.0% and 1.7 worms per fish, respectively. The highest infection



Table 4. Prevalence and intensity of infections of' Gyrodactylus steflatus
on Yaquina Bay English sole (jys vetuliij

Month July 1981 August 1981 September 1981 October 1981 January 1982
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1.0 - 1.9

2.0- 2.9
3.0 - 3.9
4.0 - 4.9 - - - - - - - - - - - - 4 75.0 7.0

5.0 - 5.9 - - - 1 100.0 1.0 1 100.0 3.0 - - - - - -
6.0 - 6.9 3 100.0 3.7 3 100.0 6.3 - - - - - - 3 66.7 4.0

7.0 - 7.9 9 88.9 3.8 2 100.0 13.5 6 83.3 11.8 1 100.0 3.0 1 0.0 0.0
8.0 - 8.9 13 76.9 4.3 7 100.0 6.6 29 89.7 6.2 5 60.0 2.0 2 0.0 0.0
9.0 - 9.9 20 80.0 2.1 15 66.7 5.4 36 86.1 6.0 14 28.6 2.0 2 0.0 0.0

10.0 -10.9 3 33.3 3.0 7 85.7 7.0 33 51.5 3.5 30 43.3 1.5 3 66.7 3.5

11.0 -11.9 2 100.0 1.0 5 40.0 1.5 33 72.7 2.2 25 44.0 1.6 1 100.0 1.0

12.0 -12.9 - - - - - - 11 45.5 2.2 18 27.8 1.6 - - -
13.0 -13.9 - - - - - - 1 0.0 0.0 6 0.0 0.0 1 0.0 0.0
14.0 -14.9 - - - - - - - - - 1 0.0 0.0 - - -
15.0 -15.9 - - - - - - - - - - - - - - -

Average 50* 80.0 3.1 40 77.5 6.1 150 72.7 4.9 100 37.0 1.7 17 47.1 4.6

Intensity = number of worms per number of infected fish:
*
Total



Table 4. (Cant.)

Month February 1962 March 1982 AprIl 1982 May 1982 June 1982
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1.0 - 1.9 - - - - - - - - - - - - - - -

2.0 - 2.9 15 26.7 1.3 29 10.3 1.0 18 77.8 2.0 10 90.0 2.8 4 - -

3.0 - 3.9 - - - 1 100.0 1.0 7 85.7 3.2 10 100.0 2.2 4 100.0 14.5
4.0 - 4.9 3 100.0 11.7 1 100.0 5.0 - - - 5 40.6 4.0 21 100.0 9.4
5.0 - 5.9 8 87.5 12.3 - - - 6 83.3 5.8 7 100.0 8.9 8 100.0 9.6
6.0 - 6.9 7 100.0 17.3 3 100.0 15.3 4 100.0 14.5 12 91.7 7.8 13 92.3 11.9
7.0 - 7.9 4 100.0 7.5 - - - 6 83.3 9.0 5 80.0 4.3 4 100.0 4.3
8.0 - 8.9 2 100.0 1.5 - - - 8 100.0 2.4 1 100.0 2.0 - - -

9.0 - 9.9 3 100.0 4.3 - - - 1 100.0 4.0 - - - - - -

10.0 -10.9 1 0.0 0.0 - - - - - - - - - - - -

11.0 -11.9 1 0.0 0.0 - - - - - - - - - - -

12.0 -12.9 1 100.0 2.0 - - - - - - - - - - - -

13.0 -13.9 1 100.0 1.0 - - - - - - - - - - - -

14.0 -14.9 - - - - - - - - - - - - - - -

15.0 -15.9 1 100.0 1.0 - - - - - - - - - - - -

Average 47 70.2 9.0 34 38.2 4.6 50 86.0 4.7 50 88.0 5.1 50 98.0 10.1

Intensity number of worms per number of Infected fish
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levels (prevalence 98.0%; intensity, 10.1 worms per fish) were

observed in June. The lowest prevalence and intensity occured when

most of the juvenile English sole were emigrating offshore, and the

highest prevalence and intensity coincided with a high population of

juvenile English sole in the estuary.

Infection intensity varied with the size of fish (Table 5). In

general the larger the fish the lower the intensity. However, from

February through May the smallest fish (2.0 - 2.9 cm) were recent

arrivals from the ocean and had low infection intensities. The

infection intensity initially increased with increasing estuarine

residence, reaching a peak of 10.1 parasites per fish in June and

then decreasing as the fish grew larger. The infection prevalence

also varied with the size of fish. The larger the fish the lower the

prevalence except for the new recruits (Table 4 and 5).

The Rate of Increase of Gyrodactylus stellatus on Juvenile
English sole Under Laboratory Conditions

Fifty juvenile English sole (8.8 ± 1.08 cm), naturally infected

with 2.5 + 0.6 G. stel latus per fish were held in a laboratory tank

and infection intensity levels were observed for one year. A number

of fish died over the course of the experiment, apparently from the

combined effects of heavy Grodactylus infection and lack of feeding.

Fourteen fish died by week 7, 28 by week 8 and by week 14, only eight

fish remained. These survived for the remainder of the one year

observation period. During the first eleven weeks of the experiment,

the number of worms was shown to follow a logistic curve (Fig. 3).
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Table 5. Prevalence and intensity of infections
of Gyrodactylus stellatus on Yaquina
Bay EnglisTi sole (Parophrys ventulus)

Infections
Size of Prevalence Intensity

fish (cm) N (%) (worms/fish)

2.0 - 2.9 72 45.83 1.9 ± 1.3

3.0 - 3.9 22 95.45 4.8 ± 6.3

4.0 - 4.9 34 88.24 8.9 ± 6.2

5.0 - 5.9 31 87.10 9.4 ± 8.1

6.0 - 6.9 48 93.75 10.3 ± 10.3

7.0 - 7.9 38 86.84 6.9 ± 6.9

8.0 - 8.9 67 85.07 4.9 ± 7.±

9.0 - 9.9 91 71.43 4.5 ± 7.0

10.0 - 10.9 77 50.65 3.4 ± 3.7

11.0 - 11.9 67 59.70 1.9 ± 1.2

12.0 - 12.9 30 20.00 2.2 ± 0.8

13.0 - 13.9 9 11.11 1.0

14.0 - 14.9 1 0.00 0.0

15.0 - 15.9 1 0.00 0.00

Average
*

588 69.20 5.5 ± 6.9

*
Total

**
Intensity = number of worms per number of infected fish.
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(1,218.5 - N) 1,218.5

Log e N = 6.42 - 0.99 t or N

1 + e642 - 0.99 t)

The number of worms increased slowly during the first four weeks and

then very rapidly between weeks 4 and 7 when the average number of

worms per fish increased from 76.1 + 13.3 to 995.9 + 231.7. This

corresponded to the period when the bulk of the fish died. After

reaching a peak of 1,285.9 + 733.8 worms per fish during week 9, the

number of Gyrodactylus per fish decreased very rapidly from

1,151.2 + 966.4 during week 11 to 230.1 + 284.2 by week 13. From

week 15 until the end of the one year observation period, the number

of worms per fish was relatively constant on the eight surviving fish

(8.4 7.7 to 125.5 + 122.5).

Transfer of Gyrodactylus stellatus to Uninfected English Sole
in the Laboratory

In an experiment designed to examine conditions that facilitate

the transfer of G. stellatus from infected to uninfected hosts,

infected fish (6.0 + 0.2 cm, with 205.5 + 17.5 worms per fish) were

prevented from having direct contact with uninfected fish in flowing

or static water, were allowed to have direct contact in static water,

or were removed from the exposure chamber before uninfected fish were

introduced. The experiment was six days in duration and the results

are shown in Table 6. Previously uninfected English sole (5.7 + 0.3

cm) became infected in all treatments, but contracted significantly
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Figure 3. The rate of increase of G. stellatus on juvenile English sole
(Parophrys vetulus) under laboratory conditions
(temperature = 12.0 2.08°C) (K = maximum value of N)
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heavier infections when allowed to have direct contact with infected

fish.

Table 6. The number of Gyrodactylus stellatus that transferred
from infected to uninfected juvenile English sole
(Parophrys vetulus) during six day experiment under
laboratory conditions

ter,perature = 11.3 + 0.27 C, salinity = 32.8 + 0.45%.

*
Number of Gyrodactulus stellatus in each treatment

Replicates Treatment 1 Treatment 2 Treatment 3 Treatment 4

1 6 7 120 3

2 4 7 100 6

3 3 3 135 4

Total 13 17 355 13

Average 4.33 5.67 118.33 4.33

Average/fish 14 ± 1.11 1.9 ± 1.13 39.4 ± 13.77 1.4 ± 0.67

Treatment 1. Infected English sole kept separate from uninfected in-
dividuals in flowing water.

Treatment 2. Infected English sole kept separate from uninfected in
static water.

Treatment 3. Infected and uninfected fish allowed direct contact in
in static water.

Treatment 4. Infected English sole removed before introduction of
uninfected sole.

The Effect of Temperature on the Rate of Increase of
Gyrodactylus stellatus on Juvenile English Sole

An experiment was designed to determine the effect of tenpera-

ture on the rate of increase of the parasite. Natural ly infected

English sole were maintained in flowing seawater at 6, 12 or 18 C

under laboratory conditions. Fish to be held at 6 or 18 C were
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acclimated by increasing or decreasing temperature 1 C per day from

an ambient 12 C until 18 or 6 C was reached before the experiment

began.

During the six week experiment, the number of G. stellatus

increased from 1.8 + 0.5 to 28.6 + 3.8 worms per fish at 6 C, from

1.7 + 0.5 to 278 ± 42.9 worms per fish at 12 C during six weeks, and

from 1.8 + 0.5 to 382.0 + 64.5 worms per fish at 18 C during four

weeks. The rate of parasite increase ranged from 0.21 to 0.83 times

per week (average 0.60) at 6 C, from 0.67 to 1.80 times per week

(average 1.38) at 12 C. At 18 C the fish died between four and five

weeks and the weekly rate of increase ranged from 1.17 to 5.13 times

(average 3.00) (Table 7).

The results showed that the rate of parasite increase was

affected by temperature of water. In general the higher the

temperature the faster the rate. Based on linear regression and

covariance analysis, there were significant differences in the rate

between 6 and 12 C, 6 and 18 C, and between 12 and 18 C ( = 0.05,

Fig. 4).

The Effect of Salinity on the Rate of Increase of
Gyrodactylus stellatus on Juvenile English Sole

The rate at which G. stellatus increased in numbers on juvenile

English sole (10.1+0.62 cm) was studied at three different salin-

ities for a four week period. The rate at which worms increased in

number each week varied from one replicate to another, and from one

week to the next. At a salinity of 28%.the rate of increase varied



Table 7. The rate of increase of Gyrodactylus.stellatus on
juvenile English sole (Parophrys vetulus) at
different temperatures

Temperature 6°C

Time Replicate 1 Replicate 2 Average

(week) worms! rate! worms! rate! worms!. rate!
fish* week fish week fish week

0 1.8 1.8 1.8

1 2.6 0.44 3.3 0.83 3.0 0.64

2 4.7 0.81 5.2 0.58 5.0 0.70

3 7.2 0.53 6.3 0.21 6.7 0.37

4 12.8 0.78 9.5 0.51 11.2 0.65

5 18.1 0.41 14.6 0.54 16.4 0.48

6 31.4 0.73 2.8 0.77 28.6 0.75

Average 0.63 0.57 0.60

*
25 fish per circular tank

Temperature 12°C

Time Replicate 1 Replicate 2 Average

(week) worms! rate! worms! rate! worms! rate!
fish* week fish week fish week

0 1.8 1.6 1.7

1 3.0 0.67 3.7 1.31 3.4 0.99

2 8.4 1.80 9.5 1.57 9.0 1.99

3 16.6 0.98 21.2 1.23 18.9 1.11

4 54.7 2.30 58.2 1.75 56.5 2.03

5 126.1 1.31 120.0 1.06 123.1 1.19

6 292.6 1.32 264.0 1.20 278.3 1.26

Average 1.40 1.35 1.38

*

25 fish per circular tank
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Table 7. (Cont.)

Temperature 18°C

Time Replicate 1 Replicate 2 Average

(week) wormsj rate! worms! rate! worms! rate!
fish week fish week fish week

0 1.8 1.8 1.8

1 3.9 1.17 4.8 1.67 4.4 1.42

2 14.7 2.64 21.2 3.42 17.7 3.03

3 59.4 3.18 108.2 4.11 83.9 3.65

4 364.0 5.13 397.2 2.67 380.6 3.90

Average 3.03 2.97 3.00

*
25 fish per circular tank
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Figure 4. The rate of increase of G. stellatus
on juvenile English sole (P. vetulus)
at different temperatures
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between 0.10 and 2.77 times per week (average 1.25), at 21%0between

0.08 and 2.98 (average 1.45), and at 14%0between 0.41 and 2.55 (aver-

age 1.36). In general, the rate of increase was faster during the

first two weeks than during the third and fourth weeks (Table 8).

The average weekly rate of increase at 21%tended to be faster than

at 14% and 28%. Over a four week observation period the average

number of worms per fish increased from 21.8 to 617.7 at 14% from

22.2 to 599.3 at 21%, and from 22.0 to 434.3 worms per fish at 28%.

Based on linear regression and covariance analysis there was no sig-

nificant difference between the number of parasite increase per week

at any of the test salinities (o= 0.05, Fig. 5).

The Rate of Increase of Gyrodactylus steilatus at
Different Host Densities

An experiment was conducted to study the rate of increase of G.

stellatus at different host densities. A single infected English

sole was maintained with 0, 5, 15, 25, and 35 uninfected sole (10.9 +

0.82 cm) in tanks with flowing seawater. There were two replicates

per treatment. The duration of the experiment was six weeks and re-

suits are given in Table 9 and Fig. 6, 7, and 8.

In all treatments, the number of parasites present at the start

of the experiment was approximately the same and ranged from 29.5 to

39.0 worms per tank. The rate of parasite transmission from infected

to uninfected fish varied little with host density. After one week,

over 50% of the fish in all treatments were infected; at the end of
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Table 8. The rate of increase of Gyrodactylus stellatus
on juvenile English sole (Parophrys vetulus)
at different salinities

Salinity 14L

Time Replicate 1 Replicate 2 Replicate 3 Average

(week) worms rate! worms! rate! worms! rate! worms! rate!

cont. week cont. week cont. week cont. week

o 46 41 44 43.7

1 143 2.11 69 0.68 158 2.59 123.3 1.79

2 507 2.55 98 0.42 378 1.39 327.7 1.45

3 1,215 1.40 267 1.72 732 0.94 738.0 1.35

4 1,716 0.41 614 1.30 1,376 0.88 1,235.3 0.86

Average 1.62 1.03 1.45 1.36

*
= 2 fish per container

Salinity 21%

Time Replicate 1 Replicate 2 Replicate 3 Average

(week) worms rate! worms! rate! worms! rate! worms! rate!
cont. week cont. week cont. week cont. week

0 41 44 48 44.3

1 82 1.00 122 1.78 200 3.17 134.7 1.98

2 326 2.98 355 1.91 587 1.94 422.7 2.28

3 609 0.87 953 1.68 1,094 0.86 885.3 1.14

4 933 0.53 1,481 0.55 1,182 0.08 1198.7 0.39

Average 1.35 1.40 1.51 1.45

*
= 2 fish per container
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Table 8 (Cont.)

Salinity 28%

Time Replicate 1 Replicate 2 Replicate 3 Average

(week) worms( rate! worms! rate! worms! rate! worms! rate!
cant, week cant, week cant, week cont. week

o 42 47 43 44.0

1 76 0.81 98 1.09 46 0.07 73.3 0.67

2 237 2.12 311 2.17 148 2.22 232.0 2.17

3 347 0.46 342 0.10 338 1.28 342.3 0.61

4 492 0.42 1,289 2.77 825 1.44 868.7 1.54

Average 0.95 1.53 1.25 1.25

*
= 2 fish per container
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Table 9. The rate of increase of Gyrodactylus stellatus on
different host densities1Párophrys vetulus)

Ti me

(week)

0

1

2

3

4

5

6

Average

Replicate 1

worms! rate!
tank week

38

50 0.32

118 1.36

143 0.21

626 3.38

776 0.24

937 0.21

1 fish per tank

Replicate 2

worms! rate!
tank week

Average

worms! rate!
tank week

40 39.0

87 1.18 68.5 0.75

181 1.08 149.5 1.22

295 0.63 219.0 0.42

790 1.68 708.0 2.53

865 0.09 820.5 0.17

1,500 0.73 1,218.5 0.47

0.90 0.93

6 fish per tank

Time
Replicate 1 Replicate 2 Average

(week) worms! rate! worms! rate! worms! rate!
tank week tank week tank week

0 33 33 31.5

1 34 0.33 32 0.07 33.0 0.05

2 76 1.24 84 1.63 80.0 1.44

3 166 1.18 288 2.43 227.0 1.81

4 606 2.65 895 2.11 750.5 2.38

5 1,245 1.05 2,457 1.75 1,851.0 1.40

6 2,105 1.69 4,534 0.85 3,319.5 0.77

Average 1.14 1.47 1.13



Ti me

(week)

0

1

2

3

4

5

6

Average

Time

(week)

0

1

2

3

4

5

6

Average

Table 9 (Cont.)

16 fish per tank

Replicate 1

worms! rate!
tank week

Replicate 2

worms! rate!
tank week

Average

worms! rate!
tank week

31 30 30.5

39 0.26 42 0.40 40.5 0.33

86 1.21 97 1.31 91.5 1.26

333 2.87 250 1.58 291.5 2.23

1,054 2.17 770 2.08 912.0 2.13

2,344 1.22 1,462 0.90 1,903.0 1.06

4,296 1.83 3,497 1.39 3.896.3 1.11

1.43 1.28 1.35

26 fish per tank

Replicate 1

worms! rate!
tank week

Replicate 2

worms! rate!
tank week

Average

worms! rate!
tank week

28 31 29.5

27 0.04 48 0.55 37.5 0.26

93 2.44 122 1.54 107.5 1.54

242 1.60 373 2.06 307.5 1.83

980 3.05 1,505 3.03 1,242.5 3.04

2,605 1.66 3,202 1.13 2,903.5 1.40

5,429 1.08 7,255 1.27 6,342.0 1.18

1.63 1.60 1.62

36
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Table 9 (Cont.)

36 fish per tank

Time

(week)

Replicate 1

worms! rate!
tank week

Replicate 2

worms! rate!
tank week

Average

worms! rate!
tank week

0 35 34 34.5

1 82 1.34 88 1.59 85.0 1.47

2 187 1.28 192 1.18 189.5 1.23

3 521 1.79 402 1.09 461.5 1.44

4 1,557 1.99 1,062 1.64 1,309.5 1.64

5 4,088 1.63 2,357 1.22 3,222.5 1.43

6 9,264 1.27 4,378 0.86 6,821.0 1.07

Average 1.55 1.26 1.38



the second week over 90% were infected and after three weeks all fish

carried G. stellatus infections.

After six weeks, the number of worms at the lowest host density

(one fish per tank) had increased to 1,218.5 per fish. The average

number of Gyrodactylus per fish at host densities of 6, 16, 26 and 36

fish per tank were 553, 243, 243, and 189, respectively. Although

the number of Gyrodactylus per fish decreased with increasing host

density the total number of worms per tank increased with increasing

host densities (Fig. 6 and 7).

In the tanks containing 6, 16 and 26 sole, the rate of increase

in the number of worms was low during the first week (0.05 to 0.33

times per week) before increasing to peak rate (up to 3.04 times per

week) after three to four weeks. The rate of increase in the treat-

ment containing a single infected individual also peaked after four

weeks, but the average rate of increase over the entire experiment

was the lowest of all treatments (0.93 times per week). Infections

in fish at the highest density (36 fish per tank) had the highest

rate of increase in worms after the first week (1.47 times per week),

but subsequently differed little from the other treatments.

In general, G. stellatus increased at the slowest rate at the

lowest host density; the rate of increase was next highest in treat-

ments containing 6 and 16 hosts and highest in treatments containing

the two highest host densities (26 and 36 fish per tank).

Statistically significant differences in the number of parasite

increase over the entire experiment were those between the lowest
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density of hosts and all other treatments; and between a density of 6

and 26 fish per tank (analysis of covariance, o< = 0.05, Fig. 8).

The Susceptibility of Hosts

An experiment was conducted to determine if juvenile English

sole that had survived a heavy laboratory infection were as

susceptible to reinfection as were newly collected (maintained 1-2

weeks in laboratory) sole that carried low natural infections. It

was more difficult to reinfect English sole that had survived a heavy

laboratory infection than newly collected sole after each was treated

with formalin before the experiment started. Results of the five

week experiment are given in Table 10.

On the newly collected English sole the rate of parasite

increase ranged between -0.33 and 4.19 times per week (average 1.33

times per week). On English sole that had survived a laboratory

epizootic the rate of increase ranged between -0.44 and 3.00 times

per week (average 1.12 times per week). The number of G. stel 1 atus

on newly collected English sole increased from 17.0 + 20.00 to

633.3 + 465.9 worms per fish, and on survivors sole from 8.0 + 4.7 to

191.7 + 115.8 worms per fish. Although the total number of worms was

substantially greater on newly collected sole, linear regression and

covariance analysis of number of parasite increase per week, indicat-

ing that there was no significant difference between the two groups

(o(. 0.05, Fig. 9).
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Table 10. The rate of increase of Gyrodactylus stellatus on
newly collected and survivors of a heavy laboratory
infected English sole (Parophrys vetulus)

Newly collected English sole

Time Replicate 1 Replicate 2 Replicate 3 Average

(week) worms! rate! worms! rate! worms! rate! worms! rate!
cont.* week cont. week cont. week cant, week

0 13 27 62 34.0

1 16 0.23 18 -0.33 86 0.39 40.0 0.10

2 83 4.19 65 2.61 194 1.26 114.0 2.69

3 165 0.99 201 2.09 367 0.89 244.3 1.32

4 369 1.24 652 2.24 937 1.55 652.7 1.68

5 568 0.54 1282 0.97 1950 1.08 1266.7 0.86

Average 1.44 1.52 1.03 1.33

*
= 2 fish per container

Survivors English sole

Time Replicate 1 Replicate 2 Replicate 3 Average

(week) worms/f rate! worms! rate! worms! rate! worms! rate!
cont. week cont. week cont. week cont. week

0 26 9 13 16.0

1 22 -0.15 5 -0.44 23 0.73 16.7 0.06

2 27 0.23 20 3.00 60 1.61 35.7 1.61

3 65 1.41 37 0.85 111 0.85 71.0 1.04

4 304 3.68 68 0.84 192 0.73 188.0 1.75

5 592 0.95 162 1.38 396 1.06 383.3 1.13

Average 1.22 1.13 1.00 1.12

= 2 fish per container
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The Rate of Increase of Gyrodactylus stellatus on
Juvenile and Adult English Sole

The rate of G. stellatus increase on juvenile and adult English

sole was studied in an experiment under laboratory conditions. The

objective of the experiment was to determine if host age influences

resistance to Gyrodactyl us. The juvenile sole (11.3 + 0.94 cm) had

been held in the laboratory for about two months prior to the experi-

ment. The adult sole (19.1 1.56 cm) were captured as juveniles and

maintained in the laboratory for about two years. Infect ion rates

were followed at 6, 12 and 18 C. The duration of the experiment was

four weeks and the results are given in Table 11.

The rate of parasite increase ranged from -0.72 to 1.19 times

per week (average 0.15) on juvenile sole, and from -0.85 to 0.79

times per week (average -0.10) on adult English sole. The rate of

increase tended to be faster at high temperature than at low tempera-

ture. During four weeks the number of Gyrodactylus on juvenile sole

decreased from 6.7 + 6.5 to 0.7 ± 0.8 worms per fish at 6 C, from 5.2

± 6.7 to 3.5 ± 4.0 worms per fish at 12 C, and increased from 7.8 ±

9.0 to 93.1 + 143.9 worms per fish at 18 C. On adult sole the

parasites decreased from 9.3 6.0 to 0.5 0.5 worms per fish at 6

C, from 6.1 + 8.9 to 1.4 + 3.0 worms per fish at 12 C, and from 15.4

+ 7.3 to 12.4 10.2 worms per fish at 18 C. Three juvenile and five

adult English sole died between the second and the third weeks at

18 C.



Table 11. The rate of increase of Gyrodactylus stellatus on juvenile and
adult English sole (Paroj5hF's vetulus)

6°C 12°C 18°C

Time Juvenile Adult Juvenile Adult Juvenile Adult

(weeks) worms rate! Worms! rate! worms! rate! worms! rate! worms! rate! worms! rate!
cant. week cont. week cont. week cont. week cont. week cont. week

0 67 93 52 61 78 154

1 39 -0.42 14 -0.18 32 -0.38 9 -0.85 121 0.55 130 -0.16

2 11 -0.72 16 0.14 27 -0.16 18 1.00 231 0.91 146 0.12

3 12 0.09 6 -0.62 23 -0.15 11 -0.39 426 0.84 262 0.79

4 7 -0.42 5 -0.17 35 0.52 14 0.27 931 1.19 124 -0.53

Average -0.37 -0.37 -0.04 0.00 0.87 0.06

*
= 10 fish per container (circular tank)

c-I
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Based on Wilcoxon signed-rank test there was no significant dif-

ference on the rate of parasite increase between two groups ((= 0.05)

The Rate of Increase of Gyrodactylus stellatus on Fed and
Unted Juvenile hnglisfl SoT

The effect of the nutritional state of the host on the rate of

parasite increase was studied in an experiment on starved and fed P.

vetulus over period of five weeks. Four groups (five fish per

groups) of juvenile English sole were fed with commercial moist

salmon feed daily, another four groups were unfed.

During the experiment, the rate of parasite increase ranged from

0.26 to 3.08 times per week on fed sole, and from 1.00 to 3.04 on

unfed sole. The average rate of increase was always faster on unfed

sole than on fed sole (Table 12). The number of worms on unfed

English sole increased from 3.2 + 1.2 to 767.1 + 199.2 worms per

fish, and on fed sole from 3.2+0.8 to 342+204.8 worms per fish.

Based on linear regression and covariance analysis, the number

of Gyrodactylus increased per week at a significantly faster rate on

unfed than on fed P. vetulus ( '(= 0.05, Fig. 10).



Table 12. The rate of increase of Gyrodactylus stellatus
on fed and unfed juvenile English sole
(Parophrys vetul us)

Fed English sole

Replicate 1 Replicate 2 Replicate 3 Replicate 3 Average

Times Worms! rate! worms! rate! worms! rate! worms! rate! worms! rate!

(Week) cont.* week cont. week cont. week cont. week cont. week

0 14 13 19 18 16.0

1 32 1.29 53 3.08 24 0.26 66 2.67 43.8 1.51

2 85 1.67 124 1.34 63 1.63 150 1.27 105.5 1.48

3 208 1.45 371 1.99 229 2.63 343 1.29 287.8 1.84

4 480 1.31 1260 2.40 678 1.96 897 1.62 828.8 1.82

5 900 0.89 3679 1.92 1068 0.58 1203 0.34 1712.5 0.93

Average 1.32 2.15 1.41 1.44 1.52

= S fish per container

Unfed English sole

Replicate 1

Times worms! rate!
(Week) cont.,* week

Replicate 2

worms! rate!
cont. week

Replicate 3

worms! rate!
cont. week

Replicate 3

worms! rate!
cont. week

Average

worms! rate!
cont. week

0 14 15 17 17 15.8

1 36 1.57 47 2.13 72 3.24 34 1.00 47.3 1.99

2 102 1.83 161 2.43 172 1.39 97 1.85 133.0 1.88

3 306 2.00 645 2.52 606 2.52 392 3.04 487.3 2.64

4 868 1.84 1780 1.76 1472 1.43 1399 2.57 1379.8 1.90

5 2244 0.93 5121 1.88 4310 1.93 3667 1.62 3835.5 1.76

Average 1.77 2.24 2.10 2.02 1.76

= 5 fish per container
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CHAPTER IV

DISCUSSION

Monogenetic trematodes in the genus Gyrodactylus parasitize the

pleuronectids P. vetulus and P. stellatus and the bothid, C.

stigmaeus in Yaquina Bay, Oregon. Linycod (0. elongatus), buffalo

sculpin (E. bison), Pacific sculpin (L. armatus), sand sole (P.

melanostictus) and walleye surfperch (H. argentium) were not

infected. When the morphological characteristics of the worms from

these hosts were compared with each other and with Gyrodactylus spp.

described in the literature it was found that they could not be

readily distinguished from each other or from G. stellatus as

described by Crane and Mizelle (1967) from P. stellatus in Bodega

Bay, California.

In Yaquina Bay, the prevalence and intensity of G. stel latus

infection on juvenile P. vetulus varied with the size of the fish and

with the season. The estuary serves as a nursery ground for these

flatfish although adult P. vetulus occur in the estuary only rarely.

Adult English sole spawn offshore during the winter months and young

individuals arrive in the near shore environment and estuary as

larvae or recently metamorphosed juveniles during the late winter and

spring months. They occupy the estuary in large numbers from summer

through early fall and by November most have returned to the ocean

where they mature (Olson and Pratt, 1973). Very young P. vetulus
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were found to carry infections soon after entering the estuary and by

June the maximum prevalence and intensity of infection was reached

(98.0% and 10.1 worms per fish). Both prevalence and intensity then

decreased progressively, (generally the larger the host the lower the

prevalence and intensity of infection) reaching a low in October when

P. vetulus were actively emigrating from the estuary. Although

samples were not obtained during November and December, low numbers

of over-wintering individuals collected in January carried infec-

tions. It is possible that the G. stellatus population is maintained

over-winter on low numbers of P. vetulus and other flatfish species

that remain in the estuary through the winter months. In a similar

study of G. unicopula infections on juvenile plaice (Pleuronectes

platessa) occupying a nursery ground on the coast of Scotland,

MacKenzie (1970) found an average infection prevalence of 68.0% and

average intensity of 45 worms per fish. He observed the heaviest in-

fection incidence to occur in July. Meyer (1970) found that

infections with a freshwater gyrodactylid on golden shiner (Notemi-

gonus crysoleucas) peaked in April and coincided with the presence of

a dense population of young fish that had not previously been exposed

to the parasite.

An observation of major interest was that although infection

prevalences on P. vetulus were high through much of the year, the

intensity of infection on individual fish was always low; the maximum

average intensity was 10.1 worms per fish in June and the maximum

number found on any individual was 49 worms. This contrasts markedly
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with infection intensities that often approach 1,000 G. stellatus per

fish in the laboratory. The laboratory portion of this investigation

was an effort to understand the conditions that allowed infection

intensities to reach these high levels.

The effect of G. stellatus infections on the host in Yaquina Bay

is considered to be very low because the maximum intensity of

infection was only 10.1 worms per fish on P. vetulus between 3.0 and

7.9 cm long. On newly imigrated sole (2.0 to 2.9 cm) the intensity

of infection was lower and ranged between 1.0 and 2.8 worms per fish.

On the other fish species that were infected the intensity of infec-

tion was much lower than that was generally found on juvenile P.

vetulus. On starry flounder (P. stellatus) the infection intensity

was 2.3 5.3 worms per fish on speckled sanddab (C. stigmaeus)

1.2 + 2.1 worms per fish. Fish that died during experiments usually

carried more than 400 worms per fish. Apparently healthy fish in the

same experiments still looked normal even though they had about 500

worms or more per fish. The highest intensity of infection of G.

stellatus on a single individual English sole (10.5 cm) under labora-

tory conditions was 3,650 worms, a level reached for about two weeks

before declining to a low level (about 100 worms) for an extended

period. Anthony (1969) found that 2,892 G. elegans infected one year

old gold fish (3 inches long)without observable effect. Lester and

Adams (1974b) found that 2.5 to 3.5 cm Gasterosteus aculeatus died

when infected 150 to 400 G. alexanderi per fish.
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Hoffman and Putz (1954) found that temperature plays an impor-

tant role in determining outbreaks of G. macrochiri. The optimum

temperature was found to be 12 C, and raising the water temperature

from 12 to 20 C resulted in the disappearance of the worm from blue-

gills (Lepomis macrochirus). Temperature affects both reproductive

rate (Bychowsky, 1961; Bauer, 1968) and the life span (Lester and

Adams, 1974a) of monogenetic trematodes. Generally, reproductive

rate is increased and the life span is decreased with increasing

temperature. In the laboratory experiment the rate which G.

ste ilatus increased on hosts was directly related to water

temperature. The higher the temperature the faster the rate of

parasite increase. The results indicated that the faster

reproductive rate more than compensated for the shortening of the

life span by an increase in water temperature, and fish at the

highest temperature were the most heavily infected.

Although it is probable that water temperature affects the

reproductive rate of C. stellatus in Yaquina Bay, the variation in

water temperature in the estuary was not substantial and infection

prevalence and intensity were probably also affected by the

availability of numerous susceptible hosts. With a high population

of susceptible hosts worms may become more numerous, at least in part

because the transmission rate is increased.

Most monogeneans produce eggs, and these eggs hatch into

ciliated larva (oncomiracidium) that is free swimming and seeks out a

new host (Cheng, 1973). Gyrodactylids do not have a swimming stage,
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are viviparous and produce one offspring at each birth (Lester and

Adams, 1974a). The transmission of Gyrodactylus sp. can be from fish

to fish, by direct contact (Putz and Hoffman, 1963). When hosts are

crowded worms also can be transmitted by active or passive means from

the substrate (Lewis and Lewis, 1970; Bychowsky, 1961). The factor

that stimulates gyrodactylids to leave a host in search of a new one

is not known (Hol liman, 1963). Lester (1972) found that healthy

stick lebacks carrying 100 or more G. alexanderi shed a layer of

mucoid material, often with the worms in the mucus. Lester and Adams

(1974b) found that 93% of unattached worms found hosts and attached

within 24 hours in small laboratory containers.

Gyrodactylus stellatus was found to transmit most efficiently

when infected and uninfected P. vetulus were allowed to have direct

physical contact. However, infections were also transmitted from

infected to uninfected fish separated by a screen and to fish placed

in containers from which infected fish had been removed.

Kirby (1981) and Guber let et al. (1927) considered that the den-

sity or abundance of available hosts have strong influence on the

incidence and intensity of gyrodactylid infection. Under such condi-

tions the parasite may build up to infection levels that cause patho-

logical changes in hosts (Mizelle and Kritsky, 1967). The experiment

designed to measure the effect of host density on this phenomena

indicated that host density alone could not account for the high

infection levels that occur. The number of worms per fish increased

with decreasing host density although the total number of worms per
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treatment increased with increasing host density. This could be

explained by a reduced probability of finding a new host by worms

leaving hosts in the lower density treatments leading to a higher

overall worm mortality rate. Although statistically significant

differences in the rate of parasite increase between different host

densities were found in this study, the differences may have been due

to factors, such as individual host susceptibility, that could not be

controlled.

It is believed that the majority of monogenean trematodes are

sensitive to changing salinity (Bauer, 1968), probably due to osmotic

stress. Hanson (1973) found that the development and hatching

success of the eggs of Diclidophora embiotoci were affected by both

temperature and salinity. Over 80% of the eggs hatched at

temperatures between 8-18 C, this percentage decreased rapidly below

and less rapidly above these temperatures. When eggs were incubated

at different salinities (3.3-41.4% at 12 C, salirrities between 29.7%

and 33.O%were found to be optimal for embryonic development and suc-

cessful hatching. Eggs did not develop in seawater at 13.2%.or below

or at 41.4%. Lester and Adams (1974a) indicated that G alexanderi

was found on euryhaline threespine sticklebacks (Gasterosteus

aculeatus) in both marine and freshwater habitats. Abrupt changes

from seawater (3O% to freshwater or the reverse killed the worms in

30 minutes. However, gradual changes of seawater to freshwater

enable 18 of 133 worms to live at least seven days. In this study

there was no indication that varying the salinity between 14 and 28%
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affect the rate of G. stellatus reproduction and transmission. The

observation that G. stellatus infections were highest at a salinity

of 21%. suggests that the worms may be adapted to an estuarine

environment.

Gyrodactylus stellatus was observed to cause massive infections

on P. vetulus in the laboratory, but not in nature. The investi-

gation of the possible factors that may allow the development of

epizootics in the laboratory included temperature, crowding,

salinity, age, nutrition and indirectly, inunity. Although tempera-

ture, crowding and nutrition were shown to be factors that influenced

the host-parasite relationship, they did not fully explain why infec-

tions in the laboratory were so much heavier than those observed in

the estuary.

In a one year experiment to study the reproductive rate of G.

stellatus under laboratory conditions, the bulk of fish died between

the eighth and tenth weeks. They were emaciated and probably died of

the combined effects of starvation and heavy parasite infection.

Fish that survived beyond ten weeks were those that fed actively.

Infection on these fish began to decline at this time, possibly due

to some type of immune response manifested in the fish mucus. In a

study by Nigrelli (1935) it was found that the monogenetic trematode

Epibdella mellani lived only from 4 to 24 hours in mucus of abnormal

hosts, but remained alive for three days in seawater. This suggests

that the mucus plays a role in the protection of these fishes against

parasites. In addition, the experiments by Hanson (1973) suggested
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that serum and mucus from an abnormal host ki lied newly attached

larvae of Diclidophora embiotoci. It was noted in this study that

after juveni le P. vetul us had been infected for an extended period

the fins were thickened, rough, opaque and that the mucus was clunped

and reduced in amount. Worms on these fish were often very inactive.

Variation in the maximum intensity of infection on individual fish

was observed. At the time of maximum infection levels (nine weeks)

the most heavily infected individual carried 3,650 G. steliatus and

the lightest 181 worms. The average number of worms on all fish

after nine weeks was 1,285.9. Scott (1982) has shown that this

amount of variation could be due to demographic stochasticity, inde-

pendent heterogeneity. However, the ininune state of individual hosts

may play a major role.

Sigel and Clem (1965) suggested that most fish have the ability

to produce an immune response when exposed to parasites or disease

producing organisms. This response includes non-specific immune

mechanisms and specific cell-mediated immunity (Corbel, 1975). An

immune response has been observed in fish infected by monogeneans

(Jahn and Kuhn, 1932; Nigrelli, 1935; Hanson, 1973). These observa-

tions sugest that fish mucus and blood serum may be involved in the

observed immunity. In general, the immune response of the fish is

affected by tenperature of water (Robert, 1975; Anderson, 1974; Evans

etal., 1965), nutrition (Crompton and Hail, 1981; Corbel, 1975;

Hartley, 1948), age (Snieszko, 1969), previous infection (Bauer,

1968), and conditions of crowding (Perlrnutter, 1973). Kennedy (1977)



reported that manifestation of the immune response included increased

parasite mortality, decreased fecundity, increased generation time

and delayed establishment of subsequent infection.

In addition to the direct effect of water temperature, nutri-

tion, crowding, age and previous infection, stress might be an addi-

tional and important factor involved in lowering the inTnune response

of P. vetul us and enhancing the rate of increase of G. stel 1 atus in

laboratory experiments. Newly collected juvenile P. vetulus were

maintained under laboratory conditions for one to two weeks before

experiments to give fish an opportunity to adapt to laboratory con-

ditions and began feeding on artificial food. However, fish adapted

to different degrees and some fish did not eat artificial food and

died before they were used in the experiments.

Miller and Tripp (1982) found that newly collected fish had a

higher immune response to antigens than did fish that had been in the

laboratory for an extended period. A partial explanation of this

result was that these fish were stressed by environmental changes.

Snieszko (1974) suggested that the coincidence of infectious diseases

with stress caused by environmental conditions were often found in

nature or under laboratory conditions. It is generally accepted that

stress is a very important factor in outbreaks of infectious diseases

of fishes (Wedemeyer, 1970; Meyer, 1970).

Although the relationship between the stress of holding P.

vetul us in the laboratory and the immune state of the fish was not

measured directly, the results of various experiments (temperature,
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nutrition, crowding, etc.) suggest that immunity may be factor that,

in combination with advantageous conditions for G. stellatus, allow

the development of laboratory epizootics. Immunity in P. vetulus may

be depressed by the high temperature or by a lack of feeding.

Alderdice and Forrester (1968) found that optimum temperature for

early development and survival of P. vetulus is between 8 and 9 C.

Williams and Caldwell (1978) also found that the greatest growth rate

and maximum food conversion efficiency of juvenile P. vetulus occurs

near or below 9.5 C. Evans etal. (1965) found that cold water fish

can produce an irinune response at tenperature from 5 to 8 C. If the

water temperature is too high, the immune response may be decreased

and the fish mre susceptible to parasites (Meyer, 1970). Related to

the nutritional state Crompton and Hall (1981) found that in general

diseases or parasites are more serious in undernourished hosts.

Other observations in this study indicated that previous heavy

infection did not have significant effect on the susceptibility to G.

stellatus. The rate of parasite increase per week was not signi-

ficantly different between juvenile P. vetulus that had survived a

heavy infection and newly collected fish. This may mean that

ininunity wanes quite rapidly. Lester(1972) also found that fish were

only protected for a few days after their recovery from Gyrodactylus

infection and the ininunity wore off within a rrnth. Under laboratory

conditions the rate of G. stellatus increase was also not
significantly different between juvenile and adult P. vetulus. The

number of worms on both juvenile and adult P. vetulus decreased,



probably because the fish had a relatively high level of resistance

due to the fact that the fish used in the experiment were not

stressed and were well adapted to laboratory conditions. Similar

results were found by MacKenzie (1970) in a study of G. unicopula on

plaice (Pleuroriectes platessa), there was no significant change in

intensity of infection with size of the host. Kirby (1981) also

found no relationship between parasite density and fish size in

infections of C. atratuli on spotfin shiner (Notropis spilopterus).

However, in this study it was found that it was more difficult to

establish new infection of C. stellatus both on survivors of previous

infections and on adults than on newly collected and juvenile P.

vetulus.

The inter-relationship between host, parasite and environmental

factors is complex and it is difficult to determine that one factor

has more effect than the others in influencing infection levels.

Perhaps the most important factor in attempting to understand the re-

lationship between host and parasite in nature and under laboratory

conditions is the physiological state of the host, especially the

mechanisms of host defense. Stress of capture and laboratory rearing

may depress the ability of the P. vetulus to resist infection. This

in combination with conditions favoring reproduction and transmission

of the parasite may explain the development of C. stellatus epizoo-

tics in the laboratory.
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