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The relative resistance of the coho salmon (Oncorhynchus

kisutch) and the chinook salmon (0. tshawyscha) to the parasitic

larvae (glochidia) of the freshwater mussel (Margaritifera margari-

tifera) was studied in an attempt to determine why the coho appeared

to be more resistant. Natural and acquired antibody was sought in

the mucus and plasma of the coho and chinook salmon using micro-

titer and gel diffusion plates. Whole mucus and plasma from fish not

possessing the parasite were tested for lethality by observing living

glochidia in each. Mucus and plasma from both species were frac-

tionated using Sephadex G-200 gel. Total protein and lethality to

living glochidia were determined for fractions possessing high

protein levels.
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Histological sections were made at periodic intervals into the

infection period to determine how the coho salmon sloughed the para-

site from its gill filaments after a week into the parasitic period,

while the chinook salmon held the parasite on its gills for 12 weeks.

Acquired antibody was. sought in the mucus and plasma of bpth species

every 2 weeks into the parasitic period.

This is the first documented report of what appears to be

acquired antibody to the glochidia of M. margaritifera. Antibody pre-

cipitates appeared in the plasma of both infected coho and chinook

salmon at 8 and 12 weeks into the parasitic period. Histological

sections showed encysted glochidia of M. margaritifera being sloughed

by coho salmon due to increased cellular hyperplasia (cell prolifera-

tion) in the area of the cysts. No such hyperplastic reaction was

noted in the gills of the chinook salmon. Natural antibodies were not

found. Lethal proteins, if present, in mucus or plasma of uninfected

fish are too weak to play an important role in the coho's resistance

to glochidiosis.
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RELATIVE RESISTANCE OF THE COHO SALMON (Oncorhynchus
kisutch) AND THE CHINOOK SALMON (Oncorhynchus

tshawytscha) TO THE PARASITIC LARVAE
(Glochidia) OF THE FRESHWATER MUSSEL

(Margaritifera margaritifera)

INTRODUCTION

Ecology of Margaritifera margaritifera (L.

At least tour different freshwater mussel genera are found in

Oregon streams (Ingram, 1948), all species spawning in the early

spring and/or late in the fall (Young, 1911). M. margaritifera

supposedly produces broods in both of these periods (Lefevre and

Curtis, 1912). The species becomes sexually mature at 30 mm length

(Murphy, 1942); and the sexes can be separated by microscopic

examination of gonadal material (Hendelberg, 1960).

Gills of the adult mussel contain brood chambers in which the

ova are fertilized and held until ready to spawn. Karna (1973) found

that this takes 13 days at a mean temperature of 12. 8 C in . mar-

garitifera in the Siletz River, Oregon. He found M. margaritifera

spawning 'from mid-May to mid-June of 1971, with about 1,000, 000

glochidiaspawned from a 7.0 cm long mussel.

When the glochidia are ripe within the female mussel, the

entire mass of eggs is released from a gill in about 1 minute. Once

in the water, the current breaks up the mass, and the egg shell which
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encloses each glochidium is lost. The glochidium.now must find a

susceptible fish host to complete metamorphosis (Murphy, 1942).

Lefevre and.Curtis (1912), Howard (1924), anI Ingram (1948)

give complete accounts of structure, morphology, reproduction and

taxonomy of the freshwater mussel.

Attachment

The glochidium of lvi. margaritifera is hookless, having six or

seven minute teeth instead of hooks on the flange. These teeth aid

in attachment (Jackson, 1925). Arey (1924) noted that hooked glochi-

dia appeared to be more adapted -to attaching to the fish's skin and

fins, while hookless varieties were more often found on the gill fila-

ments. The only place on the fish where the glochidia of M. mar-

garitifera cari attach successfully in great numbers is on the gill

filaments.

Attachment results when the sensory hair cells, of the glochidia

are chemotactically and' mechanically stimulated by he gill lamellae.

The adductor muscle instantly snaps the valves shut. This action

severs the epithelium and the cellular connective tissues beneath it

in the gill filament. Tougher tissues such as blood vessels and

connective tissues are clasped and pinched by the valve and flange of.

the mussel's shell (Arey, 1924).
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Encystment

As early as 15 minutes after attachment, the gifl epithelium

and cellular connective tissues begin to encapsulate the glochidium,

covering the exposed wound and encysting the glochidium. The time

necessary for encystmentvaries with water temperature and can

take from a few hours to 5 or 6 days (Arey, 1932 a). When completed,

the cyst covers the entire glochidium. During the parasitic period,

glochidial nutrition is provided by host tissues,, the larval adductor

muscle, the larval mantle (undifferentiated tissue in the glochidium)

and exudates of the surrounding host tissues (Arey, 1932c).

Excystrnent

When the giochidium completes its development on the host,

excystment is accomplished by movement of the foot, and sloughing

of the cyst. Murphy (1942) noted in the Truckee River, near Truckee,

California, at 14.2 C, that the parasitic period lasted about 36 days.

Young (1911) showed variation in length of the period was directly

related to temperature fluctuation. Murphy (1942) and later Karna

(1973) noted that M. margaritifera increases 660% in length during the

parasitic period. M. margaritifera increases in size from 0.05-

0. 06 mm at attachment to 0. 39-0. 42 mm at the end of its parasitic

period, while other mussels such as Lamps ilis luteola do not increase

from their large size (0.25-0.39 mm) at attachment (Surber, 1914).



Murphy (1942) first reported fish losses due to glochidia of M. mar-

garitifera in rearing ponds offthe Truckee River in June, July and

August of 1931-1936. He found that 600-1200 gLochidia, depending.

on the size of the fish, may directly result in death due to asphyxia-

tion. Smaller numbers of glochidia (250-750) may cause death by

introducing secondary invaders such as bacteria and fungi during

encystrnent and excystment from the gill filaments.

Host Immunity

Reuling (1919) found that after two or three repeated infections

with glochidia of Lampsilis anodontoides, an acquired immunity had

developed,, and fish (Lepisosteus sp.) sloughed the glochidia 24-72

hours after encystment. In control fish the parasitic period and

metamorphosis were completed. He also found that the immunity

held to infections of different species of glochidia in the mussel genus

Lampsilis. Arey (1932b) noted the same acquired immunity and corn-

pared the cysts of immune largemouth bass (Micropterus salmoides)

with those of non-immune bass. The cysts of immune bass were

larger, irregularly shaped and more bulky due to more connective

tissue in the cyst wall.

Both Arey (1932b) and Reuling (1919) found natural immunity in

certain species of fish that had never before been infected (e.g.

M. salmoides). The response both authors describe is sloughing of

the parasite before the end of the second day after attachment.
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Howard (1924) theorized that, 'The tissues or blood of the nonhost

possess ieactions in the nature of antibodies, precipitins and other

immunizing agents such as those discovered in the higher verte-

brates, while the glochidiurn is especially adapted to the reactions

of the appropriate host.

Reuling (1919) felt that metaplasia or change in structure or

function of epithelial cells might account for the early deaths of some

parasites on immune gar (Lepisosteus sp. ). To test this hypothesis

he counted mucus secreting cells on immune and non-immune gar

gills. Since mucus cells produce lysozymes and other inhibitory

substances, an increase in mucus cell numbers might account for

these early glochidial deaths in immune fish. He found no signifi-

cant increase in mucus cell numbers in the cyst walls formed in

immune gar compared with those formed in non-immune gar. He

was unable to determine whether the mucus cells of immune fish

produce more mucus than those of non-immune fish.

Reulings next step was to test the blood, serum of immune and

non-immune fish for the production of an inhibitory or lytic substance

responsible for the parasitet s death. To test this theory, live

glochidia were placed in the sera of immune and ñon-immunegar.

After 2 hours in the immune serum, the glochidia were destroyed,

while glochidia placed in non- imniune serum remained alive for

48 hours. He concluded that the blood of the immune fish has a

cytolysin for the glochidia.
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In an attempt to isolate the cytolysin, Reuling attempted to

show a precipitate between an antigen of glochidial extract and an

antibody, presumably in the immune gar serum. He used dilutions

of 1: 1, 1:5, 1:20, 1:50, 1:100 and 1:200. The serum remained con-

stantin strength, while the glochidial extract was diluted. The two

reactants were combined, a precipitate was formed at a 1:5 dilution,

but the results could not be duplicated. Reuling concludd that fur-

ther work was needed to isolate a precipitin if one existed.

Karna (1973) studied the effects of a natural infection of glochi-

dia of lvii. margaritifera on captive and native salmon and trout

fingerlings in the Siletz River, Oregon. Of the four local species he

studied (chinook salmon, Oncorhynchus tshawytscha; coho salmon,

0. kisutch; cu.tthroat trout, Salmo clarki; and steelhead trout, S.

gairdneri), captive chinook had the highest mean number of para-

sites (900 per fish at day 20 of a 36 day parasitic period); His cap-

tive coho at day 20 showed a mean number of ten parasites per fish.

Mean parasite cOunts for native fish sampled throughout the para-

sitic period were coho salmon 8 and chinook salmon 368. Meyers

(1974) attempted a laboratory infection of fish of the same length

(40-60 mm) and found the same relationship existed with coho salmon

highly resistant, and chinook salmon becoming readily infected at all

dosage levels.
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Purpose

The purpose of the proposed study was to determine why the

coho salmon appears to be more resistant to glochidiosis than the

chinook salmon. The first possible defense mechanism of the fish

that the glochidium comes into contact with resides in the mucus.

Mucus was tested for natural antibody, lytic enzymes or some physi-

cal property such as viscosity that could inhibit glochidial attach-

ment in the coho and not in the chinook salmon. Natural agglutinat-

ing and precipitating antibodies to glochidia were sought in the mucus

and plasma of uninfected coho and chinook salmon. These com-

pounds could cause the parasite to fall off before encystment can

occur. An attempt was made to determine, on a cellular level, what

caused the sloughing noted in the coho and notin the chinook salmon

by Karna (1973) and Meyers (1974). Blood plasma and mucus of both

coho and chinook salmon were tested for the buildup of an acquired

anti-glochidial antibody after the parasitic period had begun.



METHODS AND MATERIALS

Mussel pawnJg

Gravid mussels were collected from a side channel of the

Willamette River, 10 miles south of Corvallis, Oregon. The

mussels were termed gravid when eggs appeared in the marsupia

(gill pouches). Thirty gravid female mussels were brought back to

the tab every 2. days for microscopic observation of glochidial

development. When 50% of the glochidia on a slideeasily lost their

egg shells when stirred with a needle, the mussel was termed ready

to be spawned. Since the slightest disturbance resulted in abortion,

gravid mussels were kept in a dry bucket until sampling was com-

pleted. Spawning was accomplished by plac ing the mussels with

mature glochidiain 1000 ml beakers of water at 12 C. For antigen

preparations, the mussels were spawned in large funnels with corks

on the bottom. The water on top was poured off, and the volume of

the glochidia spawned was then measured. These glochidia were

frozen for serological testing against the blood plasma and mucus of

uninfected fish at a later date.

Giochidia for Studies of the Lethal
Actiyy of Mucus and Plasma

Glochidia to test the lethal activity of mucus and blood plasma

of coho and chinook salmon could not be obtained from the Willamette



River after mid-May. Two hundred and sixty mussels sampled

May 8, 1974 showed no glochidia in the marsupia. It was presumed

that the bed had spawned out. The Siletz River was found to possess

mussels with viable .glochidia that could be used for in vivo studies.

These glochidia were kept alive in beakers of water for 13 days at

4 Gin a refrigerator and used as necessary Lor in vivo studies.

Origin of Fish

One thousand chinook salmon, 40-60 mm in length, from the

Elk River Salmon Hatchery at Port OrforcL, Oregon, and 1000 coho

salmon, 40-60 mmin length, from the Alsea River Salmon Hatchery

were obtained in mid-April, 1974 from the Oregon Fish Commission.

The study apparatus included two 189 liter glass holding tanks

and four plexiglass tanks that measured 1.22 m x 0.61 m x 15 cm

deep with nine sections in each trough. Experimental and control

fish were. held in alternate sections of the plexiglass tanks. Dis-

solved oxygen was computed by the Winkler Method (Schwoerbel,

1970) and found to be 9.0-9.2 ppm at inlets and 5.0-5.5 ppm at

outlets. Water flows were set at one liter per hour per trough.

For in vivo glochidial studies of the lethal activity of mucus

and plasma, plasma and mucus were collected from 22 coho salmon

with a mean standard length of 54 mm and from 25 chinook salmon

with a mean standard length of 49 mm. Serological tests used mucus
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and plasma collected from697 uninfected coho and 4Zi anincted

chinook salmon with mean respective standard lengths of 78 and

74 mm. Parasite counts, mucus and plasma samples, and histo.

logical sections were made from 60 infected chinook and 60 infected

coho salmon with mean standard lengths of 45 mm and 46 mm

re s pec.tively.

Infection of Fish

Mussels wene spawned in 1000 ml beakers, and the glochidia

from three mussels pooled to insure infectivity. Every attempt was

made to keepthe glochidia viable.. The beaker was placed in an ice

bath on a dylastir and air was bubbled through the solution. Fish

were exposed to glochidia in styrofoam coffee cups for 30 minutes.

Two hundred and fifty ml of water, 15, 000 viable glochidia and a

coho or chinook salmon were placed in each infection vessel. Con-

trols were treated the same way except no glochidia were added.

One hundred and sixty coho and 160 chinook salmon were subjected to

15, 000 parasites each for 30 minutes. These fish were killed, three

of each species, at 4 hour intervals up to a days into the parasitic

period for histological sectioning. A second infection of 120 fish and

1ZO controls of each s.pecies was subjected to 15, 000 parasites each

for 30 minutes and killed, five of each species, every 12 hours for

4-1 /2 days into the parasitic period to make parasite counts.
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Using fish from the above two experimets, blood and mucus

samples were taken from ten fish of each species, coho and chinook

salmon, and ten controls of each species, at the following intervals;

3 days, 4 days, 14 days, 28 days, 42 days, 56 days and 84 days. The

mucus froiñ each species was pooled at each interval, and each

blood sample was kept separate. Samples were frozen to later test

for antibody against glochidia and to determine how long it took to

produce the antibody.

In vitro Effects of Mucus and
Plasma on Glochidia

To determine the effects of mucus andblood plasma on

glochidia, whole mucus and blood plasma were placed separately

with living glochidia in the depressions of a serological agglutination

slide. The slide had 12 concavities 16 mm in diameter, 1.75 mm

deep. The concavities were divided into four groups of three; coho

salmon plasma was placed in one group, coho salmon mucus in a

second, chinook salmon plasma in the third, and chinook salmon

mucus in the fourth. Controls were simultaneously run on depres-

sion slides with the same depth and diameter of depression, using

the water that the glochidia were kept in. One drop of glochidial

suspension containing from la-30 living glochidia was placed in each

well containing serum, mucus or water as a control.

The number of viable glochidia was recorded at the following

intervals; 30 minutes, 60 minutes and 120 rriinutes. The glochidia
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was assumed moribund when its adductor muscle appeared swollen

so large that its valves could no longer close, when the respiratory

cilia ceased to beat, or when the internal structure and integrity of

the glochidium became diffuse outside of or was disrupted within the

shell.

Mucus and plasma from coho and chinook salmon not pre-

viously exposed to glochidiosis were fractionated on Sephadex G-200

gel prepared in tris buffer. (0.05 M, pH 7.86) in a filtration column

(2.5 x25 cm) as stated in instructions supplied by Pharmacia

Chemicals Inc. , 800 Centennial Avenue, Piscataway, New Jersey.

Total protein content for each fraction was measured as percent

absorbance using. a Beckman flU spectrophotometer at 280 nrn.

Fractions with high protein contentwere tested for lethal activity

against glochidia. The mucus, samples were very viscous and were

dialyzed in two 20 minute washes of singly distilled water. These

two baths were followed by three 20 minute baths of tris buffer,

pH .7. 86, with 0. 02% sodium azide added as a preservative. Frac-

tions were collected, total protein 'content was determined for each

fraction, after which they were 'refrigerated until viable glochidia

could he obtained from the Sitet7 River.

Antigen Preparation

Frozen glochidia were thawed, homogenized in a tissue

grinder and diluted10:1 with'distilled water. This suspension was
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centrifuged until all visible particulate matter had formed a pellet.

The supernatant fluid was decanted, preserved with 0.02% sodium

azide, and frozen to test for precipitating antibodies. Twelve ml of

distilled water was added to the centrifuged pel1et. It was resus-

pended, preservedwith0.02% sodium azide and frozen for use in

agglutinating antibody studies.

Antibody Preparation

Blood from uninfected fish was collected in heparinized

capillary hematocrit tubes by severing the caudal peduncle with a

razorbiade. The tubes were capped and centrifuged for 3 minutes.

The plasma was pooled into sterile containers, preserved with 0. 02%

sodium azide and frozen for use in microtiter and gel diffusion tests.

The blood of infected fish was collected in the same manner, centri-

fuged, and frozen in the hematocrit tubes for later use. Mucus was

collected separately from both infected and uninfected coho and

chinook salmon, preserved with 0.02% sodium azide and frozen until

used in antibody tests.

Microtiter

Blood plasma and mucus from uninfected coho and chiflook

salmon were tested for agglutinating and precipitating antibodies

using the microtiter apparatus and procedures described in Sever

(1962) and Witlin (1966).
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Double Gel Diffusion (Ouchterlon Method)

Precipitating antibody was sought in the blood plasma and

mucus of both infected and uninfected coho and chinook salmon using

the Ouchterlony double gel diffusion test described in Nowotny (1969).

Glochidial pellet and supernatant were used as sources of antigen.

Histology

Histological-sections 10 microns thick were made of the gills

of uninfected fish. Sections were cut and slides stained according

to the procedures for hernatoxylin and eosin preparations in Galigher

(1971). Controls were sectioned at 1 hour and 4-1/2 days into the

parasitic period. The gills of infected fish were sampled every

4 hours into the parasitic period for 4-1/2 days.

The gills of a group of 20 uninfected coho and 20 uninfected

chinook salmon were sectioned, stained using the Periodic Acid

Schiff's (P. A. S.) technique for mucopolysaccharides, and counter-

stained with fast green. Mucus cells appear purple on a green back-

ground using this technique. It was assumed that large numbers of

mucus cells could result in copious mucus pioduction that could

inhibit attachment of the glochiclia.
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RESULTS

In vitro Effects of Mucus and
Plasma on Glochidia

Unfractionated mucus of both uninfected coho and chinook

salmon was found to be lethal to over 75% of the glochidia placed in

them after 30 minutes and 90% at 2 hours (Table I and Figure 1).

Whole plasma of both uninfected coho and chinook salmon was lethal

to 0 and 2% of the glochidia placed in them after 30 minutes

respectively, with approximately 20% mortalities at the end of

2 hours. In controls of chilled dechlorinated well water held for the

same time, and at the same temperature, only 4% mortalities were

encountered at the end of 2 hours.

To determine whether or not the viscosity of mucus was the

reason for glochidial deaths at 30 minutes, a synthetic substance

with the same viscosity a,s mucus was used in place of mucus in the

above experiment. Using a number two Falling BaliViscosimeter,

the following viscosities were calculated at 2.2., C according to the

instructions and formulae provided by Roger Gilmont Instruments,

Inc., 161 Great Neck oad, Great Neck, 'New York 1102.1.

Distilled water 0. 979 cp

Chinook salmon mucus = 1. 115 cp

Coho salmon mucus 1.079 cp

Carbopol solution 1. 109 cp
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Table I. In vitro effects of whole mucus and plasma on living
g loch id ia.

Percent moribund/number glochidia
Sample Number of

description repetitions exposed at
30 minutes 60 minutes 1ZO minutes

Uninfected coho
Plasma 6 0/55 12/55 16/55
Mucus 16 76/352 99/352 99/352

Uninfected chinook
Plasma 6 2/99 7/99 18/99
Mucus 16 84/452 96/452 96/452

Carbopol 7 24/190 27/190 36/190

Control 17 2/690 2/690 4/690
(water)
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Figure 1. In vitro effects of whole mucus and plasma on living
glochidia.
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A physiologically inert, solution of carbopol in distilled water

was. used as synthetic mucus (Hoover, 1970). The results were the

same for the mucus, even after a years storage in the freezer,

while in the carbopol solution, 24% of the glochidia died in 30 mm-

utes and 36% died by the end of 2 hours.

Effects of Fractionated Mucus and
Plasma on Living Glochidia

Living glochidia were obtained and placed in plasma and mucus

fractions from uninfected coho and chinook salmon to determine

whether one fraction was more lytic than another. About. 30 living

glochidia were placed in each well of a microtiter tray, along with

one of the fractions collected from the Sephadex column. At the end

of 3, 6, 9 and 10 hours, counts of non-viable glochidia in each well

were made. Controls consisted of trisma base buffer, trisma base

buffer with sodium aide, whole mucus from uninfected coho and

chinook, salmon, whole plasma from uninfected coho and chinook

salmon and non-chlorinated water. Whole mucus was the only control

sampie that showed 100% mortality before 6 hours. Further testing

with whole mucus of both coho and chinook salmon showed it to be

lethal to the glochidia of M. margaritifera in 30 minutes. Percent

mortality was determined and graphed above the percent protein

absorbance in each fraction.
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Since the protein content in the mucus fractions appears to be

randomly distributed, no comparison can be made between coho and

chinook salmon mucus (Figures Z and 3). However, both uninfected

coho and chinook salmon fingerling plasma fractions appear to have

the same general pattern of protein absorbance (Figures 4 and 5).

First to be eluted was a group of fractions possessing very high

protein absorbance. The protein content then appeared to decrease,

level off, and form a shorter peak in later samples.

Chinook salmon uninfected mucus yielded two strong protein

peaks; however, there was no correlation in this sample between

total protein in a fraction, and its effects on living glochidia (Figure

6). Uninfected coho salmon mucus showed no characteristic pattern

of protein content in the samples, with glochidial mortalities occur-

ring in a similar random fashion (Figure 7).

The early p.daks in the protein absorbance curves for both coho

and chinook salmon plasma appear to be the same or similar in rate

and time of elution to those collected by Di Conza (1970) from the

mucus of the catfish (Tachysurus australis), which were found to

possess natural hemagglutinins for sheep, rabbit, guinea-pig, and

human erythrocytes. Di Conza characterizes the fraction a having a

molecular weight in excess of 200, 000. With other techniques Di

Conza later concluded that serum immunoglobins were present in

mucus secretions. of T. australis, and due to their large molecular

weight, were most probably in the first fractions eluted.
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Figure 2. Percent protein absorbance at 280 nm of coho Salmon
mucus from uniifected fish, dialyzed and fractions
collected from G-Z00 Sephadex gel at 20 minute
intervals.
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Figure 3. Percent protein absorbane at 280 nm of chinook salmon
mucus from uninfected fish, dialyzed, and fractions
collected from G-200 Sephadex gel at 20 minute intervals.
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Figure 4. Percent protein absorbance at 280 nm of coho salmon
plasma fractions from uninfected fish. Fractions were
collected from G-200 Sephadex gel at 20 minute intervaLs.
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Figure 5. Percent protein absorbance at 280 nm of chinook salmon
plasma from uninfected fish. Fractions were collected
from G-200 Sephadex gel at 20 minute intervals.
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Figure 6. Percent glohidia1 mortalities at 6 hours in uninfected
chinook salmon mucus fractions graphed above percent
protein abs orbance at 280 nm.



%
 

A
S

S
O

R
B

A
N

C
E

 

U
i
 

)
 

0
 

p
.
.
)
 

0
 

C
)
 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

.
.
.
.
.
.
.
.
 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

0
 

C
 

z
 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

.
.
.
.
.
.
.
.
.
.
.
.
.
.
 

#
.
 

0
 

'
F
 

C
 3 

p
.
.
)
 

0
 

0
 

U
i 

C
)
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

0
 

%
 

M
O

R
T

A
LIT

Y
 

>
 

0 

z
 

C
.
.
,
 

r
n
 

'
s
O
 

0
"
 

-
4
 

I
-
 

-
4
 

-
<
 

0
 
0
 



Figure 7. Percent glochidial mortalities at 3-1/2 hours in uninfected
coho salmon mucus fractions graphed above percent
prbtein absorbance at 280 nm.
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There appears to be a positive correlation between the amount

Of protein in early plasma fractions of uninfected coho and chinook

salmon and its ability to kill glochidia over a period of 6-9 hours

(Figures 8 and 9). It is interesting to note that in whole plasma used

in earlier experiments, glochidia were able to survive for 6 to 9

hours. Apparently, if an antibody or lethal protein against glochidia

is present in the plasma of uninfected coho and chinook salmon, it

is very weak or low in concentration. Peptides, carbohydrates and

low molecular weight substances present in the mucus and plasma

could not be tested for their lethality due to the difficulty of obtaining

large amounts of mucus and plasma from small fish (40-60 mm) and

the shortness of the period during which viable glochidia were

available. Whole mucus was lethal to over 90% of the glochidia

placed in it in 1 hour, while when fractionated, the lethal activity of

the substance was greatly, reduced. This indicates that both coho and

chinook salmon possess not one molecular species of lytic proteinor

molecule, but either a group of substances that are taken out of

mixture and loose their lethal abilities when fractionated, or possibly

a lethal factor that is a physical property, and was diluted out in the

fractionation process.

Plasma and mucus from uninfected coho, and chinook salmon

were tested for agglutinating and precipitating antibody in the
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Figure 8. Percent glochidial mortalities at 6 hours in uninfected
chinook salmon plasma fractions graphed above percent
protein absorbance at 280 nm.
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Figure 9. Percent glochidial mortalities at 9 hours in uninfected
coho salmon plasma fractions graphed above percent
protein absorbance at 280 nm.
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microtiter apparatus against both glochidial pellet and supernatant

antigens prepared previously. No visible agglutination or precipita-

tion reaction occurred after 1, 2, or 7 days of incubation at room

temperature in a moist chamber. Controls were made using glochi-

dial pellet, supernatant, coho salmon mucus, coho salmon plasma,

chinook salmon mucus, chinook salmon plasma, and sterile physio-

logical saline. No reaction was noted in any control. Microtiter

technique was not used on infected coho and chinobk salmon mucus

and plasma because of limited amowts collected at each sampling.

Gel Diffusion Plate s--Uninfected Fish

Mucus and plasma from uninfected coho and chinook salmon

and glochidial antigen preparations were placed in wells cut in agar

in petri dishes, to determine if the mucus or plasma possessed a

natural precipitating antibody against glochidia. Glochidial pellet or

sOpernatant was placed in the center well in One run with plasma or

mucus in the outer wells. In the second run, this procedure was

reversed. In no sample did precipitate bands occur after 12 hours,

24 hours, 48 hours or 120 hours (5 days) of incubation at room

temperature in a moist chamber.

Gel Diffusion Plates--Infected Fish

No antibody precipitate bands were noted during sampling

times of 3.days to 3 months, when either infected coho or chinook
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salmon mucus was used as a source of antibody against glochidial

pellets or supernatant. There were two different. types of precipi-

tate bands formed when infected coho or chinook salmon plasma

were tested against the glochidial pellet (Table II).

The first type of precipitate to form was a generalized haze

which appeared after 24 hours (Figure 10). It encircled the well.

containing the plasma, but never the center well which contained the

glochidial pellet suspension. This haziness was disregarded as having

anything to do with an antigen-antibody reaction as it did not show up

solely in the agar between the two reagents. Characteristically the

precipitate bands form between the two wells bearing the reagents

(Figures 11 and 12). The true bands appear very clearly defined

and only as anarc between the antigen and antibody.

The first type of precipitate was noted once in the 14 day

sample in the coho plasma control, and at 4 days in the coho salmon

infected samples. This haze was noted to form around chinook

salmon plasma controls at 2, 4, 6, 8, and 12 weeks into the para-

sitic period, and at 3, 4, and 14 day samples of infected chinook

salmon plasma.

What appear to he true precipitate bands appear on plates

which have 8 and 12 week plasma samples of infected coho and

chinook salmon.



Table II. Precipitates formed in gel diffusion plates when plasma or mucus from infected
fish was tested against glochidial pellet antigen.

Chinook ChinookDays after infection Coho mucus Coho plasma
with glochidia mucus plasma

inf. cont. inf. cont. inf. cont. Lnf. cont.

3,4 0 0 0 0 H 0 H 0

14 0 0 0 0 H H H H

28 0 0 0 0 0 0 0 H

42 0 0 0 0 0 0 0

56 0 0 0 0 + 0 0(2) 0(3)
+.

84 0(3) 0 0(6) 0 0(6) 0(8) 0(4) 0(8)
+(2) +(4)

+ = precipitate present
0 = no precipitate present
H = haze (false precipitate)

() = total number of repititions if greater than one
inf. = plama or mucus from infected fish
cont. = plasma or mucus from control fish
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Figure 10. Forty-eight hour gel diffusion plate of uninfected
chinook salmon plasma versus glochidial pellet antigen
showing the generalized precipitate that sometimes
occurred in a ring around plasma samples.

LI
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Figure 11. Seventy-two hour old gel diffusion plate of chinook
salmon plasma from fish infected with glochidia of
M. margaritifera for 3 months versus glochidial pellet
antigen. Note precipitate on left hand side of the plate
that supposedly denotes the antibody-antigen reaction.
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Figure 1Z. Forty-eight hour gel diffusion plate of 4Z-day and 84-day
infected coho salmon plasma versus glochidial pellet
antigen showing precipitate at 84 days.
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Parasite Counts

A graph of mean parasite numbers for five fish for each 12

hour sampling period was made (Figure 13). From the graph, two

phases in the infection can be noted in both species.

Phase A--Attachment to cyst formation, takes about 12 hours

in both coho and chinook salmoñ. This later was verified by histo-

logical sectioning. Many parasites fall off during this time. This

results in a steady decline in mean parasite numbers per fish up to

12 hours.

Phase B--No great decrease in parasite numbers in coho or

chinook salmon occurred during this time. Phase B lasted from

encystment to the last 12 hour sample at 4-1/2 days. The next and

last sample was 10 fish of each species at 14 days into the parasitic.

period. There was no decreased number of parasites on the gills of

the chinook salmon at this time. The last sample counted in the

coho salmon at 14 days shOwed a marked decline from a mean of 881

at 4-1/2 days down to a mean of 178 parasites per fish at theend of

14 days. No such decrease was noted in the last sample of the

chinook salmon at 14 days (722 parasites per fish).

ol

Uninfected gill tissue sections did not pick up the P. A. S. stain.
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Figure 13. Mean parasi counts on the gills of five coho and five
chinook salmon sampled every 4 hours into the parasitic
period.
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Even without the stain, there were no readily discernible mucus

cells in any of the sections.

The following observations were made on histological sections

taken every 4 hours for the first 84 hours into the parasitic period

In both the coho and chinook salmon, the cyst was one-half formed

by 6 hours. By 12 hours into the infeótion period all cysts were

totally formed (Figures 14 and 15) In the coho salmon, the cysts

were seen to extend up and down the filament from the point of

attachment These lateral extensions of the cyst maij inclUde up to

20 of the adjacent lameilae, and are reminiscent of the hyperplasia

involved in callous formation (Figures 16 through 19) The gill ray

inmany cases is deformed by the presence of many glochidia

(Figure 20). A.ry (1932b) and Meyers (1974) noted bumps of hyper-

plastic tissue on histological sections of the gill tissues of infected

fish. The bumps did not ëontain glochidia; hence, both authors con-

ciuded that they were indicative of the response of the tissues of the

resistant fish to the parasite. If a serial section through. a cyst is

seen at each cut, in order, the bumps appear to be merely cuts.

through the outer portion of the cyst (Figure 21). At 24 hours into

thu inI tion, ( oinophi1i staining cils arc notuci plugging capil-

lanes which the encysted glochidium has pinched off (Figures 22 and

23). Such cells were found no place else in the slide, except for a few

in the cyst wall.. These eosinophils remain fairly prevalent in the

remaining slides.
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Figure 14. Tissue section of the gills of a coho salmon 30 minutes
after being placed in a beaker of 15, 000 glochidia. Note
how quickly the. epithelium begins to migrate around the
newly attached glochidium. X ZOO.

Figure 15. Typical bulky and irregularly shaped cyst on the gills of
a coho salmon 12 hours after'attachment:. Encystment
is complete at this time. X ZOO.
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Figure 16. Glochidial cyst 12 hours after attachment showing
increased cellular hyp.erplasia characteristic of coho
salmon during all stages of the infection period. X 200.

1

Figure 17. Hyperplastic glochidial cyst encompassing five or more
lamellae and the tip of a gill filament from a coho sal-
mon 24 hours after infection. X 200.
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p

Figure 18. At 24 hours after infection, the area of hyperplasia now
has spread up and down the filament of the coho salmon
in response to the irritation caused by the glochidium.
X 200.

I

I

Figure 19. Budding glochidial cyst of M. margaritifera on the gills
of a coho salmon at 108 hours (4 5 days) after infection.
x 200.
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4.

Figure ZO. Deformed gill ray structure caused by the presence
of encysted M. margaritifera. X 50.
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Number 2

Number 3

1

Figure 21. Sequence of photomicrographs showing a possible expla-
nation of the glochidialess buds noted in histological
sections by Meyers (l974). Note the budlike area mid-
way up and on the right side of the most complete fila-
ment on the left. No glochidium is aparent in numbers
1-3, but a encysted glochidium is easily visible in
numbers 4 and 5. Hence, numbers 1, 2, and 3 are sec-
tions through the outer part of the cyst. X 50.
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Figure Zi. (Continued)

Number 5
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Figure ZZ. Eosinophilic staining cells that have clogged the capillary
that a glochidium has pinched in the gills of a coho
salmon. X ZOO.

Figure 23. Eosinophilic staining cells that are plugging the capillary
that a glochidium has pinched off on the gills of a salmon
24 hours after infection. X ZOO.
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The chinook cysts, overall, appear to be smaller, and less

extensive than those found in the coho salmon, usually containing

only the l.ameUae ;around which the glochidium is encysted (Figures

24 and 25) Eosinophils are once again found in the cysts of the

chinook salmon as early as 24 hours into the infection; hOwever,

they are fewer in number

The only major difference noted between the coho and chinook

salmon cysts is the fact that the coho salmon cyst appeared much

larger (Figuie 26) The gills of 26 infected chinook salmon and 32

infected coho 'salrrion with mean standard lengths of 45 and 46 mm

respectively, were used in the above study. Hence, it is felt that

the size of the fish could not account for the observed differences, in

size of .the cyst walls. To further demonstrate this difference, the

longest diameter of 123 coho and 129 chinoOk cysts was measured..

A cyst was defined to include all hyperplastic tissue,s immediately

surrounding the cyst and any that appeared to be directly caused by

the irritation of the glochidium on the gill filament The mean cyst

diameters for coho and chinook salmon were 126. 6 microns and 94.5

microns respectively.

The difference in means is directly attributable to the presence

of more 'hyperplastic tissues., in the cysts of the coho salmon. There

is also a very noticeable upward trend after 36 hours in the diameters

of the cysts of the coho salmon, while the diameter of the cysts of.

the chinook salmon appears to remain at the same level
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Figure 24. One or two lamellae atmost are contained within the cyst
of a chinook salmon 24 hours after infection with the
glochidia of M. margaritifera. X 200.

I

Figure 25. A closeup of a cyst of M. margaritifera on a gilL fila-
ment of a chinook salmon, 24 hours after infection.
xz00.
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Figure 26. Diameters of glochidial cysts of M. margaritifera on
the gills of coho and chinook salmon fingerlings.
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DISCUSSION

This is the first report of what appears to be a precipitating

antibody in coho and chinook salmon plasma to the glochidia of

M margaritifera No precipitate was noted on gel diffusion plates

before 8 weeks into the parasitic period. In a review of the litera-

ture on fish antibody production, Snieszko (1969) notes that cold

water fish produce maximum titers for antibody at 12-15C in

3 months. This could explain why no precipitate was noted in the gel

diffusion plates until 8 weeks past infection An antibody produced

early in the summer would immunize fish against mussel broods

spawned early in the fall

No antibody response was elicited towards the antigen of

glochithal supernatant The 8 and 12 week precipitate bands were

seen only with the glochidial pellet antigen Reuling (1919) attempted

to immunize an adult bass with three injections into the abdominal

cavity with filtered, ground glochidia No immunity to the injections

was produced He explained his failure in one of two ways First,

the injections were small and not spread out over long enough a

period of time. Secondly, the antigen, if particulate in nature, could

have been filtered out Reuling went on to cite similar work by

Graham Smith in which the filtered serum of Limulus (horseshoe

crabs) will not precipitate with anti-Limulus serum, while the



unfiltered serum was found to produce a precipitate. The antigen

appears to be particulate in nature

The presence of eosinophils in the area of the cysts indicates

that the parasite is in actual contact with the humoral. elements of

the host. Lefevre and Curtis (1912) note at encystment that the

glochidia cause extensive hemorrhage of the blood capillaries in the

gill filaments, and hence, come into intimate contact with the

humoral elements of the hosts body necessary for antibody produc-

tion.

No acquired antibody was found in the mucus of either coho or

chinook salmon by the use of gel diffusion plates at any time through

the infection period Likewisc, no natural antibody was found in the

plasma or mucus of uninfected coho or chinook salmon. Also, no

difference in amount of iñucus produced or number of mucus produc-

ing cells could be found.

There is no difference in parasite counts between species at

attachment. Further research is needed to determine the real

reason for glochidial deaths when placed in mucus. Once the cause

of these deaths is assessed, it can be determined whether or not the

lethal factor causes any deaths between attachment and encystment,

which takes 12 hours at 12 C In vitro studies point to the fact that

mucus may possess an inhibitory or lethal enzyme or physical factor.

This inhibitory or lethal action of mucus does not appear to account

for the difference in mean number of glochidia found attached to the
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gills of coho and chinook salmon during the parasitic period by

Meyers (1974) and Karna (1973).

The main factor responsible for the coho salmon's greater

resistance to glochidiosis is the cellular hyperplasia involved in the

healing of the open wound resulting from attachment of the glochi-

dium. This hyperplasia is more pronounced in the coho salmon than

in the chinook salmon. -Both species respond to the mechanical

abrasion caused by the presence of the glochidium with cyst forma-

tion. To determine if cyst formation is caused directly by the

glochidium or is a general response to all open wounds, Arey (19Z1)

performed the following experiment. Strips of aluminum or lead foil,

0. 15 mm wide by 0.40-0.60 mm long, were bent to V or U shaped

clips. These clips were clamped on an excised gill filament in the

same manner as glochidia at attachment Encystment was then seen

to proceed as in the case of glochidial attachment Arey deduced

from this experiment that the response of the host to glochidial

attachment is a general mechanical healing. Epithelial healing

occurs in the same manner in mammals (McMinn, 1969).

Fish respond to all injuries with a definite process of inflam-

mation similar to that found in higher animais (Bauer, 1958) There

is a definite chronology of events that follows a wound. The first is

the clotting mechanism which prevents further loss of blood from

the circulatory system, Clotting occurs almost instantaneously in

fish (Arey, 1921), with epithelial migration andmitosis following to
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cover the wound and restore normal tissue integrity This is

accomplished. 1Z hours after attachmenLof the glochidium in water

at 1Z C in both coho and chinook salmon.

There is increased blood flow to the damaged part. Lefevre

and Curtis (191Z) noted such a phenomenon on the gills of newly

infected fish and described it as, tthemorrhagic areas caused by the

presence of the glochidium and the wound it produces at attachment.

Leukocytes are next found to enter the tissies and clean up

the debris and damaged tissues left behind Eosinophils are the

only examples of leukocytes found in the histological sections. Most

investigators agree that eosinophils function to detoxify foreign

materials, and remove foreign proteins They are primarily found

in parasitic infections, and are prominent in chronic infection and

allergic reactions(Taliaferro, 1934).

The tissue reactions up to this point seem to be similar for

both coho and chinook salmon, with two exceptions First, the coho

seems t-o have more eosinophils present in the area of the cyst

Secondly, the cyst of the coho was notably larger and more bulky

than that of the chinook The difference is due to cellular hyperplasia

Runnels et at. (1967) states that the degree of reaction of an

organism to any irritant is extremely varied. When the injury is

mild, hyperplasia and hypertrophy are the only results. When the

injury is extensive enough to include more than just epithelial

tissues, an inflammatory response is produced The injury caused
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by the attachment of the glochidium is intermediate in intensity, in

that it results in a hyperplastic response with a few of the reactions

of the inflammatory response present also, such as the presence of

eosinophils, and the sloughing of the cyst in the coho salmon

The glochithurn is far more than just a mechanical irritant, it

occupies gill spaces and decreases the surface of the gill filaments

used in gas and.chemical exchanges. The cOho salmon has overcome

this problem by sloughing the glochidium early in the parasitic

period. The chinook salmon does not possess this ability. In the

coho salmon, the hyperplasia increases until the fifth day after

infection when the parasite and its cyst is lost by the rhythmic beat-

ingof the gills, in normal respiration. A similar tissue reaction was

noted in the gills of the carp by Paperna (1964) to the monogenetic

trematode, Dactyjpgyrus vastator The parasite attaches to the gill

filaments. The host responds with hyperplasia of the gill filaments

that extends from the aoical enj of the filament down to the base

The vascular network of the filament is destroyed When the damage

is e'tensi.ve enough to take the parasite away from its food source,

the parasite dies and falls off, while 'thehperplastic tissue now

present on the gills, is sl,oughed in much the same manner as the

glochidium is sloughed from the resistant fish
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