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ABSTRACT

A new histozoic myxosporidian parasite (Class
Myxosporidea), Mxxobolus meglitschi sp. nov., inrecting
young-of—the-year and yearling bluegill sunfish, Legonie

macrochirus Raf » from Shanty Hollow Lake, Harren COunty,

Kentucky, was described. Phenology was inveeti;ated from
January 20 <o December 20, 1969.

The magnitude ot inrection varied eeaeonnlly in
bluegill. Incidence was highest 4n July and August (43.9%)
in host populations, declining, but not dieeppenring frol
September to December 20, 1969 The inrection exhibited )
yearly mean incidence or 22.311

- The pattern of . distribution or cysts on hosts vnried
seaeonally. During periode of lou incidence cysts were

confined primarily to a poetanai area below the lateral

line. During July and“ugust cysts were‘wideepreed on

hosts.

; Initial infection of hosts may occur eccidentaii'
through contact with spores, inciden:el to feeding upon pro-
tozoan intermediate transfer hosts or other benthic organ-

isms; or, during spawning, by spore contact with eggs or
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ntact to the producticn of detectable size Cysts appeared
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tc reguire 80-5C days. The parasite may spread on the host
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by means of autcinfecticn.

Pathology was limited to scale eércsicn at the point of

contact by cysts.
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INTRODUCTION

A general parasitoclogical survey of fish taken from

Shanty Hollow Lake, Warren County, Kentucky, in October,

1968, disclosed the presence of a previously undescribed,

histozecic species of myxosporidian parasite (Class

Myxosporidea, Genus Myxobolus) infecting young-of-the-year

and yearling bluegill sunfish, Lepomis macrochirus Raf.

Thls study was undertaken to’ establish the identity
of this parasite and determine its seasonal variation in
incidence in Shanty Hollow Lake from January 20 to
December 20, 1969,

Wnile there have been numerous contributions to the
taxonomy of the genus gxxobolus. sStudies dealing with
seasonal incidence are relatively few in number. Bond
(1938.) described and 1nveatigatod seasonnl occurrence of

gxobo.l.us bllineatum Bong and My xosoma subtecalia Bond in

the mummichog, Fundulus heteroclitus (Linnaeus). Myxobolus

bilineatum infected 4 to 25% of host populations, while

Myxosoma subtecalis infected up to 91%. The highest percent-
L Y
age of infected fish was observed in spring, summer, and

fall. Fish (1938) concluded that six to eight months were

WEST. KY. URIV. LIB.




reguired for Myxobolus inornatus Fish to complete its life

cycle. He believed peak occurrence of this parasite in the

black bass, Huro floridana (LeSueur) (= Micropterus

salmoides Lacépéde), was influenced by environmental factors

since occurrence varied seasonally.

In a second report on seasonal relationships of myxo-
sporidian parasites, Bond (1939) noted that other workers
reported seasonal cycles for certain species. Cycles
reached a peak in summer and declined or disappeared in
infected populations during other periocds. Based on these
reports and his own observations of infection cycles of

three separate parasites of F. heteroclitus, Bond concluded

that changes in infection cycles were related to: (1)
seasonal temperatures and their effects on host fish; (2)

natural habitat of the parasites, either coelozoic (organ

infecting) or histozoic (tissue infecting); (3) exposure of

cysts and method of spgre liberation; and (4) species of

the parasite. B £ a5
Iverson (1954) examined 1,687 silver salmon,
Onycorhynchys kisutchi (Ui*baum). from two canneries im

Anacortes, Washington. He noted that 5.1% were infected .

with Myxosoma squamalis Iverson and speculated that the
life cycle of this parasite required approximately seven
months. Iverson did not concern himself with seasonal
relationships and reported no maximal or minimal level of
infection. He theorized, however, that young fish could

receive the parasite from spawning adults. Guilford (1963)




investigzated the occcurrence of ﬂxxosoma scleroperca

Gizlford in the yellow perch, Perca flavescens (Mitehill),

and the log perch, Perca caprodes (Raf.). He believed this
Parasite developed throughout the Summer, reaching a peak
in the fali of the year. At this time of the year large
inflammatcry Cysts were observed in the eyes of host fish,
whereas cysts were either absent Or Qquite small during
other seasons. 1In October, 1952, Guilrord found that 11.2%
of those fish checked were parasitized. Subsequent inves-
tigations by Guilford in the fall of 1961 and the summer of
1962 revealed infection levels of 193 and 6.6%,
respectively.

An eight-month Study of Myxosoma artiliginis Hoffwman,
Putz and Dunbar. (Hoffman et al. 1965) disclosed thet e
Epores developed throughout the sulner causing the ;reetelt
Production of cysts in the head cartilage of young-ofhthe-
year bluegill to occur in late eunler.

Davies (1968) found that !!xabolus muelleri Biitschlt
ehowed no seascnal variation in oecurrence, Spore shape, or
8ize on the dace, Leuc:wJue leuciscue (L ), from the River
Lugg, England. Davies noted this same parasite herbored
in the roach Rutllus rutilus (L.). The parasite exhidbited
only slight variation in Occurrence, spore shape and spore
8ize. The highest Percentage of 1nrected R. rutilus was
detected in June, slowly declining in severity thereerter.

Lewis (1968) reported that the percentage or golden

shiner, Notemigonus ¢ gxsoleuces (Mltch B 1nrected by




Myxcbolus argenteus Lewis, was highest in late summer and

declined in the fall. Detectable cysts were observed four

to five months after hatching of host fish.
METHODS AND MATERIALS

From January 20 through December 20, 1969, monthly
samples of bluegill were collected from three stations
on Shanty Hollow Lake, Warren County, Kentucky (Pigure 1).
Concurrently, surface water temperature at each station
was reccrded using a Wexler Celsius thermometer.
Sampling began at 8 AM and terminated at 12 Noon each
sampling period. Fish were taken using 3 x 3 ft., 4 x 10
ft., or 5 x 50 ft. cotton or nylon seines of 1/4 in. an®

smaller mesh. A monthly sample of 75 bluegill, selected at

random from seine collections, was transported to the

laboratory for examination. Supplemental specimens were
cbtalned during population studies in the lake, from
fishermen's creels, and from federal hatchery stocks used
for population replenishmekt at Shanty Hollow.

Fish from all ccllections were measured to the nearest
millimeter for total body length, width, and depth (Lagler
1956) with a vernier caliper. :

The number and patterns of distrib;tion of cysts on
host fish were determined by examination of specimens with
the use cof a dissecting microscope at 200X magnification.
Each cyst observed was plotted on a generalized diagram of

a bluegill, Fish were examined both externally and




FIGURE 1.

Bathymetric map and physical and hydrographic
data for Shanty Hollow Lake, Warren County,
Kentucky (Pfeiffer 1967). Sampling stations

are indicated.
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internally.

Stomach analyses were made on fish taken in March,
September, October, and November. Contents of the entire
alimentary canal were removed, sorted, and identified using
suitable keys. Age determinations were accomplished by
counting the number of scale annull using a binocular
microscope (Lagler 1956). :

Biweekly, between the hours of 9 Aﬂ and 1 FM, from
Aprfl to August, various species of legal size fishes caught
ty fishermen were identified and examined for the presence
of cysts.

The following methods were used primarily to obtain
diagnostic data for the description of the new species.
Dimensions of cysts wer§ cbtained with the aid Qf a call-
brated ocular micrometer. ﬁrcsh spores from éuptprid cysts
were prepared as wet q?ﬁgta, examined and measured after
the method of Kudo (1921a). Length and width of polar
rilaments-uirn deteruined after extruding thon'vitﬂ hydrogen
peroiide. A1l uasur&mn& of spor-o.s were accomplished
under oil immersion (1000X); unless otherwise stated, dimen-
sions of both spores and cysts ar. in ulcroni.

Smears and paraffin sections of cyst contents were
differentiated with Heidenhain's 1roﬁ J;matoxylin and

Mallory's aniline-blue stains. Tissue preparations were

made from cysts fixed in 5% formalin, Gilson's, er

Kaformacet (Romeis 1948) solution. Feulgen's nuclear stain

was used to test for the presence of nuclear material and




Iresh Lugol's soluticn was used Lo test for presence of an

icdinophilous vacuole.
DESCRIPTION CF THE STUDY AREA
Shanty Hellow Lake

Shanty Hollow Lake 1s a 106 acre recreational impound-
ment lccated in northwestern Warren County, Kentucky,
épproximately 16 miles northeast of th;‘city of Bowling
Green. The lake was formed when private interests dammed
a8 serles of small tributaries of the Green River in 1951.
In 1953, the lake was purchased by the Kentucky Department
of Fish and Wildlife Resources and added to the system of
state owned fishing lakes.

Pfeiffer (1967) studied the physical, chemical, and
biologiqal éspects of Shanty Hollow Lake. Accérding to his
data, Shanty Hcliow, at‘nofmal pcol, has a maximum depth of
28.0 feet, a mean depth of 15.6 feet, &8 m1es‘or shore
line, and a tctal volume of 1652 acre feet. A bathymetrie
mép and physical andg hyddpgrabhichdata.prepared from
FPfeiffer's survey are presented in Figure 1.

Shanty Hollow Lake exhibited censiderable fluotuwetion
in water level throughout 1969 because of a leak in the dam.
Periodic fcundings taken at the dam dd;;ng the study showe@
that the lake rose m 14 feet in January tc 28 feet in

July, then fell tc a lcw of ic feet in early December. The

percentage lcss in volume fepresented by the decrease in

-
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depth between July and December was 1380 acre feet or 80.8%
of the total volume.

Because Shanty Hollow is a recreational lake, State
fishery personnel have attempted to maintain high fishing
potential by fertilization and restocking programs. Appli-
cations of inorganic fertilizers were made by them between
April and September each year from 1960 to 1965, inclusive.
Pfeiffer (1967) concluded that fertilization caused a sub-
Stantial increase in the qQuantity and quality of the
fishing during those years. The program of fertilization
terminated in 1965 but was reinit;ated in 1969 i1: the hﬁpo
that the declining bluegill standing c¢rop could be strength-
ened. Concomitantly, 6,000 two-inch bluegill were intro-
duced in November, 1968, and 150,000 one-inch fish stocked
on March 29, 1969 (Pfeiffer, personal communication, 1969).

Specles diversity of ichthyofauna (Table 1), 11
addition to bluegill, was determined from aeining oper-
ations, creel surveys, population studics and stockin;
records of the Kentucky 3rpartnant of Pish and Hildlitb

Resources.
Sampling Stations

Station 1, located at the southern end of the lake,
eéncompassed two large coves. Inflow was provided by
runoff and two intermittent limnokrenes. The Substrate at

this station was mud. On June 21, Polycystis aeruginosa

Kutzing formed a bloom in several areas within the stationm.




TABLE 1. Species diversity of ichthyofauna determined
from seining operations, population studies,

creel surveys, and stocking records of the

Kentucky Department of Fish and Wildlife

Resources, January through December, 1969.

Centrarchidae

Lepomis macrochirus Rafinesque (Bluegill Sunfish)

Lepomis cyanellus Rafinesque (Green Sunfish)

Lepomis megalotis (Pafinesque) (Longear Sunfish)
Lepomis gibbosus (Linnaeus) ' (Pumpkinseed Sunfish)
Pomoxis nigromaculatus LeSueur (Black Crappie)
Pomoxis annularis Rafinesque (White Crappie)
Chaenobryttus gulosus (Cuvier) (Warmouth Sunfish).

Micropterus salmoides (Lacepede) (mmuth Black
L] .

Percidae '

Stizostedion vitreum (Mitchill) (Yellow m‘hyo)
Ictaluridae '

|

Ictalurus punctatus (Rafinesque) (C‘h.nnml Catfish)
Ictalurus natalis (LeSueur) (Yellow Bullhead)
Atherinl@ae

Latiidesthes sicculus (Cope) ‘.(Brook Silverside)
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Wind acticn concentrated the bloom into viscous mats on the
water’s surface. All traces cf the bloom disappeared ty
mid-July.

Steticn 2 consisted of two small coves and was located
on the western shcre of the lake, 1500 feet scuth of the
dam. Inflow into this area was from' runoff and the sub-
strate consisted of mud and gravel. By August 23, a bloom
of Anabaena circinalis (Kutz.) Rabenhorst formed, persisting'
until late September. As was the case at Station- 1, wind
caused the bloom to accumulate in mats on the water's
surface.

Station 3, a large embayment in the northernmost arm
of the lake, was fed by twc intermittent rheockrenes and by
runoff. Stream flow ceased in late July and comnnncod in
December. The substrate for most of the area was mud mixed

with sand, gravel, and rubble. The banks and bottom of the

H
ereek channels, which cut scross the staticn, were composed

of masses of compacted leaves, sticks, and mud. During

July, P. aeruginosa torm%: a bloom, followed by a bloom of

A. circinalis in August and September. Neither bloom

accumuleted at this station to the extent observed at:the

other stations.

5
THE HOST, LEPOMIS MACROCHIRUS RAF,

Tne bluegill sunfish was first described by Rafinesque
(1819) during his survey of the fishes of the Ohio Rives
drainage system. Trautman {(1957) and Whitaker (1968)°
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indicate that 1ts known range extends ofer much of central

and eastern United States. In his Survey cf the fishes of

Kentucky, Clay (1962) briefly reviewed the biology and dis-
tribution or bluegill within the State.

Bluegill épparently prefer lentic habitats which con-
tain small amounts of Suspended, clayey silts| and
substrates consisting of organic debris with aquatic
vegetatiocn in shallow wWater. This species is extremely
Prolific in that a Single female is capable of producing
thousands of egegs during a breeding season. If individuals
become too numercus within a Testricted area, they will
stunt quite dramatically. This species hybridizes with the
warmouth, longear, green, orangespotted, redear, and pump-
kinseed sunfishes (Trautman 1957, Clay 1962).

Studies of types of food crganisms utilized by blue-
Bill have been made by Ricker (1949), Hayne and Ball (195%6),
Minckley (1963), and Gerking (1962, 1964). These authors
noted that the diet of the bluegill consisted Primarily of

benthic organisms such a:‘bloodworas.-dragonrly nalads,

BAyfly nymphs, oligochaetea.-ostracods. and helgrammites,
Pry consumed Planktonic forms such as Protozoans, algae, and
microcrustaceans during early Phases of their growth period.
Benthos are &dded to their diet as thei grow clder.
Apparently, low Water temperature reduces the activity
of bluegill and affects food uptake. Wohlschlag and Juliano
(1959) cobserved decreases in bluegill metabolism during

winter and increases during the SPring and summer months.

\'\*t.ﬁ. KY. U?\EN. LIB.
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They noted that fish grew rapidly during warm water periods

when food was plentiful but decreased their uptake of food,
stopped growing and, in fact, lost welght with the onset of
cooler weather. These authors attributed cessation of
growth and loss of weight to a decrease in the supply of
available food. Lagler, Bardach, and Hiller (1962) noted B
sharp increase in food uptake by bluegill beginning in late
April and early May. This 1ncrease continued through
August, then declined abruptly in Septelber and remained at
a low level during the rest of the year. From examination
of their data, it was apparent that once water temperature
exceeded 4° C, bpoth activity and food uptake incrtalod.
then declined in accordance with & decrease in water tem-
perature in the fall and winter.

Seasonal factors apparently regulate depth distridu-
tion of bluegill. Larimcre (1957) and Uohlaehla‘ and
Juliuno (1959) observed large schools of bluo;ill over
shallow banks in early spring and su-lr. Sublcquont
obaervations revealed such aehools ong..ing in feeding lnl.
spauninz activity, with :;e onset of cooler water temper-

ature the schools retreated to deeper water,




RESULTS

Myxobolus meglitschi Sp. nov.

Identification

Identification and differentiation of different genera
and species of Myxcsporidia is almost entirely dependent
upon morphological EEatures 1ncluding Spore size, shape,
polar capsule size and shape, and the presence or absence
of specialized structures. The unique diagnostic morpho-
logical features of M. meglitschi, determined from
measurements of characteristics of fresh spores, are

summarized in Table 2. Terminology follows that of Noble
(1944).,

Cyst

The dull white to cream colored, smoothly ovoid,
easlly ruptured cysts appeared only on external surfaces
of the host. Cyst were noted along the sides of the body

and at the bases of pectggal, pelvic, and anal fins as wel}

@5 on the abdomen and caudal peduncle (Figure 2), Om
heavily infected fish, cysts Sometimes were observed
£11ling the pores of scales of the lateral line. They had
a distinct tendency to appear as 1eola%es rather than as
closely compacted m':Fses. The undersurface of scales was
the most frequentiy néted peint of attachment for cysts;

however, not infrequently, cysts were anchored in the

-




TABLE 2. Characteristics of M. meglitschi sp. nov. compared with

those of 1ts closest relative, M. kostiri Herrick (1936).

M. meglitschi sp. nov, M. kostiri Herrick

No.
Character Range Mean Obs. Range Mean

Cyst _
Length - 8odw 600 50 750 - 15004
Width P95 L 3504 2208 5Q N/G
Thick. 65 - 150u 1054 50 N/G

Spore '
Length *'16.0 - 18.1y -  17.33u 250
Width 14.0 - 17.0u.  15.31u 250
Wi . 1. =

i -Eapsule, Ant.
Length 7.0 = 9,04 8.21u 250

- Width 5.0 < 7.4 5.78u 250




TABLE 2. Continued.

M. meglitschi sp. nov. M. kostiri Herrick

Character Range Mean Range Mean

Capsule, Post.
Length 7.0 _B. 21 £t - b6
* Width 5.0 5. Fly 2.0« 3%

Polar Filament
Length  30.0 - 32.0u 31.0u 10 N/G
Wigth 0.7 & 0.8 0.75w 10 ‘N/G

" éozyp, 54 7 N/G 250 N/G

* Indiesves infermation not given.
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spildermis. Non-scaled surfaces were deveid of cysts. In
meny 1lnstances, scales which served as points of anchorage
for cysts were ercvded or recessed (Figure 3).

Cyst dimensions averaged 600 x 220 x 1054, with the

longest axis most often oriented parallel to the long axis

cf the host.

A membrane of reticulated cells, which stained deep
blue in Heidenhain's iron hematoxylin an& Mallory's
aniline-blue, surrounded the spores (Figure 4). This mem-
brene was 4.6 to 7.0y thick. Although the membrane was
present, nc inflammation or erosioh of tissue other than
scales was observed con bluegill as has been described by
Kudo (1926) and Nigrelli and Smith (1938) for other speccies
on different nosts. Mature spores occupied the central
arca of immature cysts while developmental stages or Spores
were generally located on the periphery. Older, more

Bature cysts contained only mature sSpores.

QEQ;EIEB!

Globose, uninucleated sporonts (stage which @Gevelops
into cne or more spores), averaging 3.0u in Qlameter, were
observed on the periphery of cysts. TQ? nucleu: of this
Stage was dense and centrally located (Figure 5a).

Oblicng, binucleated sporonts were approximately twice as
large ar uninucleat:zd forms, and opoth stages had relatively

uniform eytoplasm that displayed no granules cor vacuocles.







FIGURE 3. Scale erosion at the point of attachment of a

cyst of M. meglitschi. (‘BOI]

FICURE 5. Mallory's anliins-blue stalned, sectioned cyst
of M, meglitschl. Speores are surrounded by a
membrane 4 reticuylated cells. MNembrane
wepareg 5.6 - Y. 0u thick. CM, cyst membrane.

® o o e N







Some stages of sporogony, M. n.‘Litachiz

a. uninucleated sporont; N, nucleus;

b. pansporoblasty P, pansporoblast}

¢. monosporous stage; S, sporont; H, hyaline

membrane ;

disporous stage;

polysporous stage; 1S, immature spore.







Pansporoblasts (sporont Froducing two or more spores)
containing two to eight nuclei were frequently found in
immature cysts (Figure 5b). It was assumed that these
stages gave rise to mono-, di-, and polysporous stages
found in mature cysts (Figure 5¢,d,e). Maturing individual
Sporonts and pansporoblasts were suréounded by a thin hy-
aline membrane, apparently enclosing developing spores in a
fluid-like medium. Stages within this icnbrane were more
refractile than mature Epores which were not apparently

surrounded by this structuwe (Pigure 6a,d).

EE ore

Externally, the typical mature spore was spherical or
oveid (Pigure 6a,b) in face view; ovoid spores were
attenuated posteriorly. Intimally. spons appeared asym-
metrical in face view witk the polar capsules and inclusion
bodies 1in the aporoplain consistently lying off-center of
an imaginary line drawn from Pole to pole (Pigure 6a,bd).
From the latersl and apicall views (Pigure €¢) spores were
broadly bilenticular and more than half. as thick as wide
(Table 2). The Paired, unstriated, proteinaceous (Lom ang
Corliss 1967) spore valves were equal in size and formed o
conspicuous ridge where they Joined (Fi;ure 6c). WNe
sutural line, as described by Walliker (1969) and others,
was noted. Two well separated pyriform polar capsules,
equal in size, and attached side by side, occupied the an-

terior portion of the sporei'(rigure 6a,b). ‘In magny




¥
Spores of M. meglitschi; external and internal
morphology:

@. mature, spherical Spore, face view; .,

polar capsule; PF, polar fillament; SN,
sporoplasm nuclei; CN, capsular Nucleus; IV,
fodinophilous vVacuole; SP, Sporoplasm;

mature ovoid spore, face view; MS, mucous
sheath; SV, spore valve;

apical and lateral views of spores; R, ridge;
PC, polar capsule.
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instances one or both capsular nuclei were in evidence when
Spores were treated with Feulgen's nuclear stain (Pigure
6a). Each capsule contained a distinct polar filament with
five to seven coils (Figure 6a,b), averaging 31.0 x 0.75.
in length when éxtruded. Posteriorly, Spores contained a
prominent sporcplasm (vital, living pertion containing the
Sporoplasm nuclei which are the gametes), with a conspic~
uously eccentric, icdinophilous glycogen vacucle. The
Vacucle averaged 4.0 x 3.0 x 0.4, in diameter (Pigure 6a,b).
T™Wo nuclei were usually evident within the sporoplasm;.
however, on cccasion, as few as one. Or as many as four were
present.

R mucous sheath, first demonstrated by Lom and Varva
(1963) and described by Hoffwman (personal co-mcgtlog..
19897, surrcundea maAture spores and ranged in thickness
From 1.0 to 2.0, Pigure 6g,»).

Atypical variants ’or mature spores were observed 1a
cysts during the summer and early fall. The variantsg
demonstrated a prominent, segmented, distally knobbed caudal
prccess, averaging 11.23' 1‘: length (Pigure Ta). Variante
have alsc deen reported by Lewis (1968) and others. -
Development of & caudal process was observed on July 26
(Pigure ™,c,d,e) and required 2.8 hour;*rcr‘fbrlltlel.
During formaticn, the mucous sheath that surpounded the
Spcre tended to thicken Postericrly. There, the spore
Valves cpened &ndg & perticn of the sporoplasm streamed from
the spcre and into tne thickened sheath carrying with 2¢
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Caudal process of atypical variant and

sequence of formation, M. meglitschi:

Caudal process of atypical variant, M.

meglitschi; MS, muco&t sheath; SV,

spore valve; CP, caudal process.

Caudal process; sequence of formation,
15 minutes after initiation; MS, mucous
sheatn; CP, caudal process; N, nucleus;
SV, spore valve.

45 minutes after initiation; MS, mucous
sheath; CP, caudal process; N, nucleus;
SV, spore valve.

75 minutes after initiation; MS, mucous
sheath; CP, caudal process; N, nucleus;
SV, spore valve.

150 minutes after initiation; MS, mucous
sheath; CP, caudal process; SV, spore

valve.
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two bodies, apparently nuclei. If the bodies were nuclei,
they probably were Spcroplasmic or valvular nuclei. The

two valvular nuclei have been reported to degenerate after
fermation of the spore valves (Noble 1944), while sporo--wﬂ__
plasmic nuclei and the mucous sheath hiie been surmised to'”
be concerned with the tormation of caudal processes e
(Hoffman, personal communication, 1969; Meglitsech, porloail
communication, 1969). As formation continued, the process
gradually decreased in size until it was little more than 2
narrow protuberance (Figure Ta,e). Variants with a fully
formed ceaudal process &ppeared pyriform (Pigure Ta,e) in
contrast to typical, mature spores (Pigure 6a,b). Sporonts
encloesed by the hyaline membrane apparently did not tbrn or
display 4 caudal process.

Techniques of rixation, staining. and dehydration ct
Spores resulted in a pronounced dcgroe ot shrinkage in spore
length and width, as wel)l as cnpsulo longth and wigdsh
(Table 3)., Most spore dinonsionl were roduced by more than

twice the amount noted b!‘xudo (1921b) tor other speciee.

The standard error of the means 1nc1udqd $ one standard
deviation,

Relationah&l! 1

Hoffman (1967) listed 56 species for the genus
Myxobolus, and Lewis (1968) described one, totaling 57
known North American forms. Numerous reporta of 1nroetion

of 1ntogument and scales by Hxxobolus spp. havo boon'lndcz




TABLE 3. Measurements of: 1. fresh, 2. fixed, and
3. fixed, stained, and dehydrated spores

of M. meglitschi sp. nov.

std [ ]
Character Range Mean Errore®

l. Presh
Spoere s s &

Length .0 - 18.1y 17.33u . 0.95
- Width «0 - 17.0u 15.31s - 0.83
Capsule

Length «0 - 9,04 8.21u - 0.33.

Width 0 - T.4y 5.74u 0.57

2. Fixed sromun) .

Spore
Lensth .5 = 14.00 12.83u  0.48
Width  10.0 - 12.0u 10.504  0.54
Capsule ‘ -
Length 5.0 - 5.5  5,18u 0 69 100

3.0 - L.0u  3.46u o 29 100

' 3. Fixed, suiﬁed; and Don;dr_;_g!
Spore ' S

Length 10.0 - 12,08  11.33u ' 0.62 100 35.0

Width 8.0 - 10.2¢  B.87u  0.56 100 v2.0
Capsule .

Length 4.0 - 4.8y §4.21u 0.30 100 49.0

Width 2.5 = 3.0u 2.78» = 0.20 o i 52.0

. Standard error of the mean includes 1J1 standard
chiOtiOﬂ. ol D LR ARSEILAY ALR SoMNIngE .
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Kudo (1920) noted 10 species; Bond (1938;), Herrick (1936,
1941), Kudo (1929, 1933, 1934), Lewis (1968), Lewis and
Summerfelt (1964), Meglitsech (1937), Nigrelli (1948), Otto
and Jahp (1943) and Yasutake and Wood (1957) account for 13
more. However, none of these forms are known to pParasitize
integument or scales of bluegill. There are only two
accounts of parasitism of this host by any member of the
Class Myxosporidea. Hoffman, et al. (1965) observed M.
cartilaginis in the cartilage of the head, 8ill arches and
bases of large fin rays, and Otte and Jahn (1943) found
Myxzobolus osborni Herrick (1936) in the gall bladder.

M, meglitschi most closely resembles Myxobolus kosteri
Herrick in spore Symmetry and contents, as well as in color
and in cyst location on hosts. Differences in spore chnrne-
teristics and number of colls in the Polar-filaments bdetween

the two forms are presented in Table 2.

Et!nclo.l

This species is nanzg in honor of Dr. Paul A. Meglitach

for his numerous contributions to the field of Parasitology.
Establishment of M. meglitschi in Hosts

During internal examination of re;ently sacrificed host
Specimens, sections of But tissue and the contents of ali-
mentary canals (Table 4) were carefully examined for the
presence of Spores, amoeboid stages (migrating dipleid sporo-

Plasm) op multinucleated trophozoites (the growing,




27

Percentage frequency by total humber of items found
in alimentary canals of 75 bluegill,
Shanty Hollow Lake, Warren County, Kentucky,

in March, September, October, and November, 1969.

Item Percentage Frequency -

Cladocera 2 37.0
Diptera e 35.0

COpeﬁoda : ' i .0

Odonata ' 4.0
Megaloptera 3 ' 4.0
Algae ' S
Ostracoda L e
Detritua. sand graina..pebblcs ; ! 3.0'
Vegetation other than algae : Gestingid

Unidentified material T e
Fishes ' .

Terrestrial insects ik ____;2;.
; . : C# F o G i e T
- Total $ 100.0

-
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vegetative individual). There was no evidence that M.
meglitschi was present internally even though the fish
examined were obviously parasitized externally. It was
generally agreed by Debaisieux (1925), Kudo (1926, 1929),
Noble (1944), Cheng (1964), and Lom and Corliss (1967) that

Spores entered the gut and anchored themselves to the gut
epithelium by use of the Polar filaments, Once this
occurred, the sporoplasm, released as aﬁ'anoeboid stage,
migrated through the gut wall and established itself in
tissues or organs, there undergoing successive stages of
development which culminated in spore formation.

In order to test the establishment pattern, two
Separate attempts were made to induce infection in Pluegill
through the use of feeding experiments similar to those
described by Hoffman et al. (1965), Walliker (1968), ana
Weissenberg (1968). The‘initial attempt was made in
February by Placing infected tissue and & suspension of
Spores in a small aquarium with 10 noninfected fish. The
experiment failed becausefhe fish became heavily paresi-

tized by the protozoan Ichth!oghthiriua SPP. and died soon
after exposure to spores. &

e

On March 21, during a routine examination of a wet
-
mount of ruptured Cysts, prepared with a drop of water from
Shanty Hollow Lake as a mounting medium, numerous ciliated

protozoans (Stylonychia SP. ) were observed in the process

of ingesting spores of M. meglitschi, apparently as a food

source. . Continued observation of this activity disclosed .

-

s |
-
.

yor
-

=
=




that virtually all observed Stylonychia sp. had ingested

numerous spores (Figure 8). Subsequent investigations
between March 21 and early July revealed a total of five

kinds of ciliated protozoans which ingested spores:

Stylonychia sp., Parameecium Sp., Lacrymaria sp., Dileptus
8p., and Euplotes sp. The mode of acquisition of spores

varied from deliberate, aggressive feeding by Stzlggzehia

SpP. to apparently incidental ingestion By Lacrymaria sp.

Spores were retained as long as 4.5 hours after ingestion.
Speres noted in these forms were counted; 30 vacuocles from
21 individual protczoans contained from 1 to 12 spores each,
depending upon the protozoan species being checked. Exzam-
ination of spores released either by excretion or death and
subsequent rupture of the protozcocan's pellicle showed no
silgns of disintegration or digestion. Extrusion of peolar
filaments by action of dfgeativc Juices, which would hawe
impaired spore viability (Hoffman et al. 1965), was not
cbserved prior to, during, or immediately after ingestion or
release of spores. 3

Transmission of Ryxosporidian parasites has deen sur-
mised to occur incidental to feeding or by ingestion of
small invertebrates carrying spores; these invertedbrates
acted as intermediate transfer hosts (nBrrn.n et al. 1965;
‘Hoffman, personal communication, 1969; Weissenberg 1968;
Weissenberg, personal communication, 1969). 1In an effort to
support thils hypothesis, a second attempt to induce in-
" fection uttizing Spere-carrying protozoans was' yndertaken




FIGURE 8,

Spores of M. meglitschi in food vacuoles of

Stylonychia sp. 240 minutes after ingestion.
Digestion of Spores 1is not apparent and

Polar filaments have not been extruded,
SP, spore. (400X)







in July and August. The €xperiment failed to Produce
satisfactory results because of the inability to keep fish

alive under 1aboratory ccnditions.

Phenology

Variation in Incidence

April and May to 53.3% in August (Table 5). The mean
annual infection level Was 22.31%. Based on combined
monthly Samples, 27.8% of the blu;fxll were infected Guring
January and February, 12.69% in May and June, 43.9% in

July and August, and 8.95% in November ang December. The
greatest number of cysts (115) ana the hi;holt-avtrtun
ﬁunbor of cysts per infected fish (18.0 per infected fish)
occurred during July, - Both the highest Bean incidence of
infected bluegill and the highest Average number of cysts

occurred during July and August when the water temperature

&t Shanty Hollow Lake wai‘ihe highest (Pigure 9).

compare the Percentage level of 1nfbction. the Average
number of eysts Per infectedqd fish, and the age, specimens

to three lengtn classes. Legal Size, adult fish examined
during creel Surveys and a PCpulation study

Hollow were assigned to a fourth length clas
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TABLE 5. Continued.

Length Class III
(8.0-11.0 em)

No. No. Y 4
Ckd. Inf. Inf.

5
5
3
8
6
0
4
5

45
8
2
2

0
1
1
0
0
0
3
0
9
2
0
1




FIGURE 3.

Variation in percentage of bluegill infected by
M. meglitschi sp. nov., average:number of cysts
per infected fish, and water temperature,

Shanty Hollow Lake, Warren County, Kentucky,

January through December, 1969.
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body length were infected (Table 5), with the highest per-
centage level of infection and the highest average number of
cysts per infected fish (Table 6) occurring in Class IT
(5.0-7.9 cm) bluegill. Classes I and III failed to exhibit
infectiqn in 50% of the samples. Although few adult fish
(Class IV) were availabile for purposes of comparison, none

were ever found to harbor the parasite.

Percentage level of infection and average numbers of

cysts per infected fish in length Classes I-III were
statistically analyzed using a randomized complete block
design (Steel and Torie 1960). Although there were no dif-
ferences, statistically, between Classes for the above
mentioned criteria on a month-to-month basis, Class IIP
bluegill differed significantly at the .10 level of proba-
bility from Classes I and-I1I both in percentage level of
infections and average numbers of cysts per infected fish.

i
Variation in the Pattern of Cyst Distribution en Hosts

Composite cyst plot s;:srnns were prepared for cath

month of the study; during periods of lowest 1qpt¢bnoo.
cysts were confined Primarily to an area below tho "latewal
line and posterior to the anus‘(?igure‘loa). At the timt of
highest incidence, July and'Auguat. the'pattern'of cyst
@istribution change@ from & lccalized infection to one ‘whieh
was widespread over the body (Figure 10b): The pattern of
the shift in loemtion ¢Y cysts and the concentration ‘of

CysSts, postanally, below the lateral line throughout ghe

Ly TR T R e
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TABLE 6. Average number of cysts cf M. meglitschi sp. nov.

in three length classes of bluegill., Numbers in
parentheses next to length class represent size

ranges (total body 1ength),

Length Class I Y2.5-4.9 em)

No. No. Avg. No. Cysts
Cka. Inf. Range  per Inf. Pish

10 0
18
27
12
18
24
13
30
2
2
5




TABLE 6. Continued.

Length Class II (5.0-7.9 cm)

No. No. Avg. No. Cysts
Ckd. Inf. Range per Inf. Pish

60 21- 16 5.8

52 12
45 16
55 1
51 |
51 10
58 18
40 21
28 10
65 15
68 T
54 10

-

22 10.0
&1 e 8.8
12 12.0
9 9.0
. 20 7.7
24,9

13.2

5.3

11.4

19.9

7.3

)
N
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TABLE 6. Continued.

Length Class III (8.0-11.0 cm) Weighted
Avg. No.
No. No. Avg. No. Cysts| Cysts per
Ckd. Inf. Range per Inf. Fish Inf. Fish

1.2
9.4
12.3
4.0
3.0
6.1
18.0
11.3
4.1
5.3
6.6
6.2
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Pattern of cyst distribution April, May,
1969. CY, cyst

Pattern of cyst distribution July, August,
1969.







year appeared unique. Significance of this pattern on the
bodies of bluegill was analyzed statistically using a
randomized complete block design and Tukey's test for sepa-
ration of means derived (Steel and Torie 1960). The com-
posite diagrams of cyst locations were divided arbitarily
into foum-areas designated as quadrants (Pigure 11)
delineated by the lateral line as the horizontal axis and an
imaginary line running vertically from the anterior edge of
the anus to the base of the dorsal fin. Quadrant 1 (post-
anally, below the lateral line) always had more cysts than
any of the other three Quadrants, significant at the .01
level of probability. GQuadrants 2 (posterodorsally, above
the lateral line) and 4 (anteroventral, preanal) showed no
difference in numbers of cysts appearing there at any time.
Quadrant 3 (cephalodorsally, above the lateral line) always

had fewer cysts than any ‘other area (Pigure 12) (Appendiz 1).
?

Host SEcigclt! of the Pg;gin

Myzobolus meglitschi was not found on any host bws -
bluegill in Shanty Hollow Lake, nor was it found in e

plemental collections of bluegill froxl Bther sourecee.
Examination of 100 bBluegill from five Warren County farwm
ponds and two major si:rem failed to &lclmo the pn.unoo
of the parasite. In March and October, two separate samples
of 100 hatchery bluegill were examined with negative resulta.

A sample of 50 bluegill taken from Nolin and Barren Rer
Reservoirs in October was similarily unpuaiim

s s &7 A
;BT
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rIGURE 11. Quadrant designations for cyst distribution.







FIGU.Z 12.

Number of cysts of M. meglitschi appearing in
four quadrants (see Figure 11) on host fish,

January through December, 1969.
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DISCUSSION

Fresently, myxosporidian parasites are known to oeccur
in two locations in hosts. viz, coelozoic, 1n cavities.
and histozoic, in tissue. Ccntact with the host appcarl to
occur in a variety of ways, 1nclud1ng congonital 1nrcetinn,
1ngestion incidental to reeding, and "accidental contact.®’

Kudo (1926 and cthers cited therein) alludcd to auto-
-.‘\

infection by release of anocboid atagcl rra- uninuclontc‘

-

spcronts which are lccated at tbo-periphory or‘éystl;"OQQQU
cn cr in hosts, spores anehor thcuse;voa to tilluc by loano
cf the polar filament (Lom and Ceriu 1967). the lporoplm
18 rcloased and migrates as an amoeboid ata;. to th. t:nll-

- -

site of infection. Once eatablished. tho l-ooboid stage

. “' -

gives rise to successive stn;ol 1n th- 11:. eyclo. cul-
f°--‘~ ki -

minating in spore produc;ion (ﬂoblo 19&&) | nolouoo o!-

o

spores 1s accemplished by'nlturition‘anﬂ-cylt'fuptdhdztl . ks

histozcic species, or by sradual roloa.o in wastes or np.l &

"P ol < s Bl ga e

dcath and dccay of hosts in the Bll. ‘of coelosolc species.. .

v whyawm o - ‘-wnﬁ-ﬁ,vﬂy

h Sporo renistance to nditions outside th. hoss lll-
been studied by Bond (1938b) and’ uorfu‘n et al. (1”9&
These authcrs indicated that spor.s vnry 1n th-tr llllllt
tc withatand envircnmental stress. Goqfrnlly. spores Il..
nct affected by digestive enzymoa‘and aro“abl;;io sﬁrviv.
outside hosts for pericds up io four mcnths. Partsitill
by mnySporidians of hatchery riuh placed in tanks or ponﬂa

R T S i Rl e e 8 "';"‘

uhich havc been urained. cleaned. and poisonod prior to :
TREIPRON  the Fer
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stocking has been reported by several uérkers.

Finally, although little work has been done with re-
gard to the seasonal nature of myxosporidian parasites, it
is generally agreed that some species exhibit seasonal
variation, showing increased incidence in summer, with de-
cline or disappearance in infected pepulations during fall,
winter, and early spring.- PRl =V PIGELQE Sl @ -

Occurrence of M. meglitschi on bluegill varied with the
season of the year as has been reported for other myxXospo= -
ridians. Analysis of Figure 9 showed the following trends:
(1) a 3-month period in late winter (January through Mareh)-:
in which the level of infection was 25.7% of the fish - °F
sampled; (2) an 82-day periocd in early spring between March
29 and June 21 when incidence dropped to 1.38%; (3) Ill 4
abrupt rise in incidence throughout the summer, from June
21 through August, peaking at 53.3% of the fish sample@ - *
harboring the parasite; and (4) an abrupt-decline, but net™
disappearance of infection in the fall from Septesber
through December 20. Tht‘sul-nr maxisum of incidence oe-
curred at the same time water temperature was at its senith’®
The decline in incidence from September through Decesber ™'
20 and the decline in water temperature were coincidemt; -

The highest number of cysts and the: greatest average
number of cysts per infected fish occurred during July,
declining during other months (Figure 9, Table 6). " Spore- -
sizes varied, but exhibited the same size ranges (Table 2)

throughout the year. =~ = (E7W . L TLoAIIETS CRRE..
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Inability to locate spores in gut contents or amoeboid
stages or trophozoites in tissue, and failure of laboratory
experiments to yield conclusive data on the developmental
period of this parasite, leaves the method of establishment
open to speculation.

The histozolc nature of M. meglitschi and the manner in
which spores are liberated appears to provide the environ-
ment with a continuous supply of lporol;' That these spores
contacted hosts was evidenced by (1) the presence of parasi-
tized fish at every sampling station at some time during the
year, (2) observed incidence during each of the twelve months
in which sampling occurred, with a yearly mean incidence of
22.31%, and (3) infection of young-of-the-year fish after
they were placed in the lake by stocking and/or appeared
after spawning. Contact with spores could have occurred
within the spawning beds during the egg or larval stage if
spores were present as a result of previous liberation inteo
the environment or if cysts on spawning adults ruptugp‘ :
over the nest. <+ - PP i i s

A second, more likely possibility of contact with spores
of M. meglitschi was through ingestion of spores incidental
to feeding. Since protozoans occurring in samples orrllll
water have been found to ingest sporcs: fry uhi;h might
utilize these intermediate transfer hosts as a source of
food could have become parasitized. Likewise, spores could

have been picked up with detritus during benthic. feeding;

however, no spores were observed in alimentary canals eof
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hosts. 2 0 s

The effect of Seasonal changes in water temperature on
the activity of hosts with respect to regulation cf spawning
and feeding was documented by Lagler (1956), Lagler et.al.
(1962), Wohlschlag ard Juliano (1959), and Gerking (1862,
1964). Bluegill in Shanty Hollow Spawned in April with.fry
apparently susceptible to Parasitism at the onset.- Feeding
by young-of-the-year and yearling fish proceeded at an
increased level teginning in Apr1l and-c;ntinucd'throughont
the summer. Informal checks of stomachs during this pericd
revealed that 1008 of stomachs examined contained some focd
items. However, during late uint;r. late fall, and early
winter of 1969, cver 5C% of stomachs checked were found -
empty. The seascnal rise in percentage level of infec.ion
troi.Juno through August appeared to be reflected, at least
1n part in the young-of-the-year and yearling tish, by an:
exhibited increase 1n‘toodin¢ activity, - FERIIN S CREINE

The periocd of time Frequired for development of N, meg-.
litschi, from establishment and release of amosboid stages -
on hosts to production cﬁ‘dctoctublo sise cysts,’ cannot.be

stated with any degree of certainty. Nevertheless, infey-
ences can be made from Pigure 9. ' Incidence of infettion was
lowest for the 82-day period between March 29 and June ;.
on- March 29, 150,000 non-parasitized bluegill were stocked
in the lake. Additionally, sSpawning occurred ‘in the natural
populaticn during this pPeriod adding a aecena;‘proaunahly“
1n1titllyiuonhinrobted;"host source. " Both hatchery fish and
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naturally spawned fish subsequently ueré presumably exposed
and susceptible at the time of introduction. The rise in
incidence from June through August in young-of-the-year fish
may have reflected an 80- to 90-day period of development.
Thus, fish exposed in late March exhibited cysts in July,
and fish spawned in May were demonstrably parasitized by
August..

& av

A possible explanation for the periodic decline (PFigure

9) in the number of cysts per infected fish can be related
to this same 80- to 90-day period of development. PFroa
January 20 to March 22 (Table 6), a steady increase in the
number of cysts per infected fish was evident, followed by a
decline, then an increase between June and August. A third
periocd of decline then an 1ncroaso was observed durtng the
period September through Novunbor. Poriodl of alternating
rise and fall in numbers:of detectable size cysts indicated
that maturation and rupture of mature cysts occurred during
this 80~ to 90-day period. Additioullly. fish from the May
and September seine colle tionn ozhibttod 9:0‘00 scales with

- ——

remanents of what appeared to be thn lc-br.n' uh!ch hl‘ age

lurroundod cysts. Wy S S SRR ey

; The pattern of cyst diotribution and presence or cysts
of various sizos containing mature npon-s and developmental
stages, plrticulnrly uninucleated sporonts on tho periphery
of cysts, may indicate a spread of the parasite on hosts by
autoinfection as described by Kude (1926) and other workers.
Hpugyp?,“tpp s}gqiripaﬁce_pgufpo fornation of the caudal
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process as a mechanism of autoinfection cannot be ignored.
Taxonomic studies of the various species of myxosporidia are
replete with figures showing variants with processes which
are entire or forked. The time of the year when variants '
sppeared has been largely ignored by most workers, although
the parasites themselves were most 'o;'tch first observed -
during the warmer periods of the year. ‘Lewis (1968), in °°
describing M. argenteus, first obumdrl;y' her in early ~°
spring, noted the presence of variants in most cysts with: -
one cyst conteining large numbers of variants having both
entire and forked caudal processes. Parker (personal com-
munication, 1970) has also observed variants in cysts and
the formation of caudal processes in the fall of the year.
"Variants in cysts of M. meglitschi comprised approz-
imately 2% of the contents of cysts during the summer and
fall. If it is assumed éput_tpo nuclel and accompanying
cytoplasmic material cbserved entering the caudal process
of the variant of M. meglitschi are sporoplasmié and there-
fore gametic (Noble 1944)dn nature, the rupture of the
distal end of the caudal process could free an amoeboid stage
in the cyst and account for the presence of the forked ~ -°

process observed and reported for many.forms. The caudal
.

process of M. meglitschi was never observed to be forked.
Upon rupture of mature cysts these amoeboid stages could in-
fect the same host, or parasitigze eggs or larval stages in’
spawning beds, becoming a means - of perpetuation of-the - - *

infection within®host populations." *¥™wi iiring ths




The sequence of caudal process formation, release of
amoeboid stages within cysts, and subsequent rupture of
cysts releasing amoeboid stages which may have resulted in
the spread of the parasite on hosts might account, in part,
for the postanal concentration of cysts. Since the dorsal
surface of the body immediately behind the head exhibited
the fewest numbers of cysts, it may be that amoeboid stages
were unable to migrate to this region in appreciadle numbers.

Although some myxosporidian parasites have .been reported
to be disfiguring or lethal to hosts (Nigrelli and Smith
1938, Nigrelli 1948, Hoffman et al: 1965), M. meglitschi .
apparently does not injure or incapacitate its host. The
only observed effect was scale erosion by cysts. Infected
fish'swam and fed in the same manner as non-infected fish

when both were placed in aguaria and ocbserved.

a SRR R
Sm AND COH_CLUSIQNS :

el LY 0P TP

- ' 4
PO el

A new histozoic myxosporidian parasite, Nyxobe =T
meglitschl sp. nov., infegting the scales and epidermis.of
bluegill sunfish in Shanty Hollow Lake, Warren County,'+*
Kentucky, was described. The parasite was endemic to Shamty
Hollow Lake, host specific for blueglll, and appeared se
infect fish one year old and younger. Vhile older £Ish wewe
examined duririg the ‘sStudy, none were cbserved to harbor this
parasite. Infected fish ranged in size from 2.5:t0.11.0 cm
total body length. Various stages in:the 1ife cycle and the

formation of a caudal procu‘rtu-s observed during’the course
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of the study.

Phenology was studied from January 20 through December
20, 1969. The magnitude of infection in the bluegill varied
seasonally, with a yearly mean percentage level of infection
of 22.31%. The highest percentage o{ infected fish occurred
during July and August (43.9%), abruptly declining but not
disappearing from September to December.. The lowest per-.
centage of incidence occurred from Iu-eh.29 to June 21 when
only 1.38% of fish in samples were found to be parasitiszed.
The highest average number of cysts (18.0 per infected fish)
occurred in July. Both the peak p.criod of incidence (July
and August) and the highest average numbers of cysts per-
infected fish (July) were coincident with the period in. .
nhic'h the water temperature at Shanty Hollow Lake was the
varmest. : '. ‘ pete
Neither the utha‘l of initial establishment nor the .-

period of time required for -completion of the:life: gycle:s
after establishment of M. meglitschi in: bluegill was deter-
mined with any degree of ‘rt.uaty. ~ Contact by hosts with
spores may occur incidental to feeding upon intermsgiste:
transfer hosts carrying spores. PFive dithnnt'lpbctoi-..fr;
protozoans were observed to utilin_'spo.nu of N. meglitachd,
apparently as a source of food. Spores could lllc; have been
ingested with detritus as bluegill fed upon benthic
organisms. A third possidle means ot-eontu‘et'vith the para-
site may have .occurred during .spauninf.'ir spores:or: 2

- .

amoebold stages came into cdntact with eggs or larva ia




gspawning beds. The time required for completion.of the life
cyéle appeared to be 80 to 90 days, as indicated by the
periocdic rise and fall in the average numbers cf cysts of
detectable size per infected fish, and a period frcm March
29 tc June 21 when the percentage of infected fish dropped
to 1.38%, then rcose to 245 between tﬁosc dates. It was:
during this period that 150,000 young-of-the-year hatchery
fish were stocked in the lake and lpnlnih( in the natural
population occurred. Both host sources wvere, presumably,
initially ncn-parasitized.

The pattern of distribution of cysts on the body eof
the host varied seascnally. During periods cof lowest in-.
fection within the population, cysts were confined primarily

below the lateral line in a postanal area, vhereas during

the period of highest infection, cysts were found not only
postanally below the lat;ral line, but widespread over the
host's body. Cyst corcentration and the presence of. cyste.
of various sizes containing mature spores and developmental
stages, on individual hoo‘t. may indicate spread of the
parasite by autoinfection. Kudo (1§26) and other workere
noted the presence of uninucleated sporonts on the periphery
of cysts which released what appeared to be amoebold stages.
Uninucleated sporcnts were in abundtne: in cysts of N. meg-
litschi. A second possibility cconcerns the observed
formntien of a caudal process with migration of nucleil and
cyteplasmic material into the distal end of the process. If

1t is assumed that these nuclei were sporoplasmic and
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therefcre gametic 1in nature, release of the amoebold stage

from the caudal process and a subsequently from the cyst
upon 1its rupture, would allow the parasite to be spread on
individual hosts. = -

Observed pathological effects of M. meglitscht on hosts
were limited to scale erosion at the point of contact by

cysts.
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APPENDIX 1. Statistical comparison of numbers of cysts of

M. meglitschi appearing in four quadrants

on the bluegill sunfish
January - December, 1969.

Quadrant
2
8

10

18
0
2
8

4

71

12

e
7
3
5
0.
1
i
5

{

—
a

o lat o & O

N

s T
62,173

30,210 10,070 179.3 o»
30,110 2737.3 48.8 ®e
1.853 56.15. ‘




APPENDIX 1. Continued.

Tuke!'s Test

Quadrant (Treatment)

1

71.0

Month (Replication)

8- 7 35 "8 3

L3
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