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lo® ppm Gû *5" solution of copper 
©hi©ride in sea water aquaria 
eontaining a calcareous sand sub­
strate and aquaria with only a glass 
substrate o o o o o o o o o o o o o o o o o o

5o The comparative precipitation rate of a 
. lo® ppm solution of copper
acetate in sea. water aquaria eon-;

g a calcareous sand substrate 
I aquaria with only a glass 

substrate oo <><>000000 © o © o o
60 The comparative precipitation rate of a 

io® ppm Gu-5""5* solution of eopper 
nitrate in sea water aquaria 
©ontaining a ealeareoms sand substrate 
and aquaria with only a glass 
substrate 0 0 0  00 0 0 0 0 0 0 0 0 0 0

7o The comparative precipitation rate of a 
lo© ppm Gu solution of copper 
sulphate in sea water aquaria 
eontaining a calcareous sand substrate 
and aquaria with only a glass 
substrate 0 . 0 0 0 0 0 0 0 0 0  o o 00 © © © ©

6

7

13

33

34

35

36



LIST OF ILLUSTRATIONS— Gont limed

Figure
So The ©omparatIt®,preelpltation rate ©f a

lo© ppm Ge s©lEtlon of ©©pper-tris=- 
f©ratalIn solution in sea water aquaria 
©©mtaining a ©aleareoms sand substrate 
and aquaria with only a glass substrate

fo The ©omparatlve preeipitation rate of a 
13 o© ppm Cu”"  solution of eopper 
sulphate in sea water aquaria 
containing a calcareous sand substrate 
and aquaria with only a glass 
substrate o o o o o o o © . © e o o o o ©



Lisa? OF TABLES

Pages

14

21

24

Til

Table
1o Cyst density of Oodinlnm oeellatum per

malt area (1o075 mm^) on various tissues 
of 0 0 0 0 0 0 0 0  .0 0 0

Results of "bath treatments of 3 ©hemother- 
apeutie agents applied for 1 hour on

Infested with
Oodinimn oeellatum o O O 6 - 0  G O o o o b  o

Results of permanent hath treatments of 4 
ehemotherapemtie agents applied for 12 
days on ©.uietula gua.vmasiae infested 
with Godlnlum ooellatum o = 0 o o. «, <, o 0 e *



ABSTRACT

A small raee of Oodinlm ©eellattm comparing 
favorably In all aspeets exoept size te the epeeles deserlp- 
tion m s  -femd to "be eotoparasitie on Qnletula smasmasiae 
and other fishes eolleeted at Puerto Peaaseb, Sonora»
Hexleoe The symptomatology of eediniesis revealed only one 
pathegnemonle eharaoter, a reddish-pink mm©©id secretion at 
the base of the pectoral fins. . Other symptoms were non­
specific for ©odimlosiSe being indicative ©f a general 
diseased stateo Treatment with several' chemotherapeutic 
agents showed varying degrees of success» Selected copper 
salts tested for their stability in aqmaria containing a 
glass substrate as contrasted.-to a calcareous sand substrate 
shewed, a slight increase in stability with Increasing 
molecular weight».. The presence of calcareous material 
substantially reduced the stability of.copper Ion, Copper 
sulphate applied directly at Gha^ concentration of Q02~©A 
ppm was found to be the most practical method ©f treating 
©cdinlosiso

vili



CHAPTER I

INTRODUCTION

Oodiniosis is a highly infectious eetoparasitie 
disease ©f teleost fish and aquatic amphihians =, Freshwater 
©©diniosis is caused by tw©.species9 Qodimium llmnecticum 
Jacobs s, 19^6» and Oodlnimm eillularls Sehaperelaus $, 1951 o 
&rine oodiniosis is caused by a single species8 Oodimlum 
©cellatum Brown, 1931° Oodiaium ocellatum is a naked 
dinoflagellate of the Family Blastodiniidae which represents 
a multigenerie family parasitic in or on a wide variety of 
animalsQ

Brown (1931) first described a parasitic dinoflag­
ellate 9 Oodimium ocellatum occurring on the general body 
surface of tropical marine fishes imported from the East 
Indies and the lest Indies, in the Afuarium of the Zoolog­
ical Society'©f London0 In later studies Nigrelli (1936) 
described infestations of Oodimlum ©cellatum from Sandy Hook 
Bay, New Jersey to Key West „ Florida«, Dempster (1955) 
recorded oodiniosis in the tanks at the Steinhart Aquarium 
in San Franciscoo This epizootic was believed to have 
resulted from importation of large shipments of tropical 
reef fishes from the Hawaiian Islands 0 Dempster also dig=* 
covered moderately severe infestations in several indigenous
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Californian eoastsil fishes9 namely striped kass (Soeeos 
saxatllis) 0 rm'b'berlip seanereh CRhaeochilus toxotes)« and 
lingeod (Qphiodon elonmtns)0 The latter findings represent 
the first discovery of ©odinlaa ocellatam in nonmigratory 
fishes native to cooler temperate waters®

Early in If66 several major ©mfbreaks of a protozoan 
parasitosis earnsing high mortalities ©eenrred in aqaarla 
containing fishes from the apper Gmlf of California at the - 
University of Arizona® Sinee the epizootics resembled 
©odiniosiSs, investigations were initiated tos (1) identify 
the causative organisms (2) describe the symptomatology of 
©odiniosis in the estmarine gobild fish Quietula guavmasia®s 
(3) re-evaluate some commonly employed chemotherapeutic 
agents applied as dips, baths9 and prolonged bath treat­
ments; (4) analyze the comparative precipitation rate of 
copper ions from selected copper compounds in sea water? and 
(5) determine the effect of a calcareous sand substrate ©m 
the copper precipitation rates®

/



GHAPfER II

EOBPHGLOGY M D  TAXONOMY

Aeeorting t© ligrelli (1936), the parasitic stage ©f 
G,o‘ ©Cellatum Is a pyrlform organism which has a mean length 
©f 6©o'l microns and a mean width ©f 5®'»1 ml@r©ns'0 The 
organism adheres to the host * s surface tissues hy means of a 
delicate system of rhlzelds arising at the posterior aspect 
from a thickened retractile peduncleg which extends through 
an ©rlfice In the cellulose cell wallV Also attached to the 
peduncle is an elongated rlhben-llke flagellum which can "be 
seen slowly sweeping over the host's epidermis0 Immediately 
internal and slightly lateral to the peduncle a stigma or 
eye-sp©t is present0 This organelle consists of a broad red 
bar and a slender black pigmented bar containing a clear 
refractlie area between the two bars* The internal strue= 
tures consist of a centrally located nucleus ranging in size 
from 12 microns to 3® microns o Dlstally surrounding the 
nucleus are found numerous pale green chromatophores9 which 
upon treatment with l©dime=potasslmn iodide yielded a char­
acteristic purplish color, thus indicating the presence of 
starcho

Once the adult cyst has been removed from the host 
the rhizoids, peduncle, and flagellum are retracted and the



eell wall orifiee is gradually el©set by a eellalose seere- 
fci©&6 After the orifiee Mas eloset eellmlar fission 
eomaemeeso The tivisioms are more ©r less e^mal ant eon- 
tinme t© the 128 cell stage wherempon timospore metamor­
phosis ©eenrso After flagellation Mas oeeorred, the 
palmella undergoes one more division yielding 2$6 motile 
dinosporeso The dinospores undergo several minor maturation 
transformations whereupon they assume the typieal free- 
swimming dimoflagellate form0 In the metaeyeli© dinoflag- 
ellate the epieome is slightly smaller than the hypoeoneo 
The nucleus has the typical adult morphologyV The ocellus 
is located to the right medial aspect of the epieone'o The 
free swimming dinoflagellate stage of 0o oeellatum is a 
small organism measuring approximately 12 microns in length 
and 8 microns in widthe

The identification of the species of ©odimimm 
occurring in the upper Gulf of California was "based on the 
life cyclej, on the morphology9 the size of the adult 
parasitic stage on various tissues of ©uietula guavmasiae« 
and the free-living dinoflagellate stageo Natural infesta­
tions were discovered in freshly caught Quietula guayaaslaeo" 
In 2© fish examined9 mild Infestations ranging from 1 to 5 
cysts per fish were found on the pectoral fins and gills®
The life cycle of the species from the Gulf of California 
compared favorably to the life cycle as given by Nlgrelll 
(1936)®



The morphological characteristics of the parasite 
upon which identification was based, as shown in figures 1 
and 2, were:

1. A caudal peduncle terminating in few rhizoids.
2. An elongated ribbon-like undulating membrane.
3. An eye-spot (stigma neuro-motor complex) con­

sisting of a black and a red pigment bar with a 
highly refractile area in between.

4. The large round to ovoid centrally located 
nucleus•

5* The pear-shaped contour of the adult parasite.
6. The presence of peripheral green chromatophores 

yielding the characteristic purplish starch 
reaction with iodine-potassium iodide.

7. The presence of free-swimming dinoflagellate 
stage with an ocellus in the right aspect of the 
epicone.

8. The presence of palmella stages in the life 
cycle.

The adult size based on 50 measurements was 50.2 
microns in length and 39*7 microns in width, which was con­
siderably smaller than Nigrelli's measurements of 6l.l 
microns in length by 50.1 microns in width.

The free-living dinoflagellate stage conformed in 
all details, except size, to the description given by
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Figo 1

lastained Oodinlmn ooellatim attaehed t© the 
peetoral fin of Quietmla Kuavmaslae showing stigma (st e )'s 
peduncle (pd.), nucleus (no.),' chromoplastids (ch.), and 
cellulose membrane (#« cw0)» Magnification 860 X0
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Fig-1
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Fig. 2.— Parasitic stage of Oodinium ocellatum 
showing major morphological features. am., amyloid gran­
ules ; ch., chromoplastids; fl., flagellum; n., nucleus; 
pd., peduncle; rh., rhizoids; st., stigma-neuromotor 
complex. (Modified after Nigrelli, 1936)



Hlgrelll (lf36)o The tinospore size "based on 2© measure­
ments a was 9o2 mlerons In length and 6e'5 mlerons In width* 
whieh was smaller than Nigrelli®s measurements of 12 mlerons 
In length and about 8O0 microns in width«

Except for the size differentials all other features 
were in accordance with Higrelll,s description0 Therefore9 
the parasite was determined to he a small race of Oodinium 
©eellatumo



CHAPTER III

SYMPTOMATOLOGY

The sabjest of Oeellmitm oeellattam has been Investi­
gated by several authors? however, the general symptomatol­
ogy In fish has been megleeted in all papers» Higrelli 
(1936) $, in his extensive research on the morphology and life 
cycle of ©o ooellatim. only casually mentioned one symptom—  
a pinkish east in the mneoms secretions".' Dempster (1955) 
stated two major symptoms 1 namely, increased respiration and 
the tendency for the fish to congregate near the surface. 
Reiehenbaeh-Klinke and llkan (1965)8 in their review of the 
main symptoms of fish disease9 attribute only two symptoms 
to oedimiesis$ (1) a velvety surface, which is characteris­
tic of ©o llmmeticmm and ©0 nillularls and (2) permanently 
opened operculum which is characteristic of all three 
species parasitic on piscine hosts.

The symptomatology of ©odiniosis in the goby 
Quietula guavmasiae and also in the related gobiid fishes

variable and may be considered to parallel closely the 
anoxia syndrome or ect©paras11ism by other organisms of 
diverse phyla. The only symptom characteristic of

SEE,-, and llvmus snw.) follows a rather char­
acteristic pattern of events'. The majority of symptoms are



©edinlesis Is a reddish mmeeid seereM©n on the preximl 
aspects ©f the peeteral fins and t© a lesser degree ©n the 
pelvic f ins‘o

The earliest symptoms of diseases which ©eeurred 
from 24 t© 36 hours after inoculation of the aquarium with 
perldiniam dimoflagellatesV consisted of scratching against 
the substrate and occasional bursts ©f erratic swimmings 
The fish9 which normally rest on the substrate8 periodically 
engaged in short bursts of twisting gyrations lasting from 
one through 4 seconds9 whereupon they returned to a normal 
resting positi©nTo According to Belehenbaeh=-K!inke and 
Elkan", (1965). 9 the gyrations are interpreted as an attempt 
to rid irritating parasites attached to the skino As the 
infestation progressed",. the gyrations increased in magni­
tude, duration,' and frequency until approximately 48 hours 
prior t© death, at which time swimming became progressively 
erratic and uncoordinatede

Another generalised indicator of disease, which 
appeared 2 to 4 days pest-ineculation, was the depression of 
the dorsal fin against the body surface” Except during 
periods of swimming, the dorsal fin remained depressed 
almost constantly until deatht

The most obvious pathological symptom was a progres­
sive anoxiar The first indications of anoxia were increased 
opercular movements s these increased from a non-infected



"basal rate of approximately 5© beats per mimmte to over 115 
beats per mlmmte In massively Infested fish near death0 The 
anoxia was manifested In a progressive tendeney to seek 
areas of higher oxygen eoneentratIons9 that Is, areas near 
the air--water interface» At first the fish would either 
swim to the surface for a few seconds or attach themselves 
by means of the modified pelvic fins to the glass walls of 
the atuarla within a few centimeters of the surfaceG Later, 
Zk to 48 hours prior to death, the fish remained almost @©n«= 
stamtly attached to the aquaria walls at the air"water 
interface0 At this stage, the ©percula were markedly 
swollen and there was a reddish-pimk east to the mucoid 
secretions on the surface of the pectoral and pelvic fins© 
From 2 to 15 hours prior to death, the fish lost almost all 
coordination and just floated in a position vertical to the 
surface 6 An air bubble formed In the oral cavity and 
pharyngeal region, which pulsated with each opercular 
movement,- Periodically the fish passively sank, tail first, 
to the substrate remaining on the substrate in abnormal 
positions for varying lengths ©f time, whereupon they would 
attempt to return to the surface or expire upon the sub­
strate , 1m all eases the mortality was complete for the 
entire fish population in the infected aquaria»

Immediately after death, an autopsy was performed on 
each fish to ascertain the number of cysts present on
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seleeted areas, mamely the gills and the peeteral, pelvle 
aad eamdal fins® The results in Table 1 show a definite 
preference for certain tissues® In each ease the measure­
ments were based on a microscopic field of 1«, ©75 mm^ and two 
samples were examined from each tissue on each of 
subjectso Figure f illustrates the cyst density on the 
pectoral fin of Quietula guaymasiae®

Fewer cysts were present on those tissues in which 
contact with the substrate was greatest, namely, the caudal 
and pelvic fins® In almost every ease the eamdal and pelvic 
fins were in almost constant contact with the substrate and 
therefore were subject to frictional abrasion® In contrast8 
the pectoral fins were commonly held vertically with only 
the most ventral areas in actual contact with the substrate® 
Due to respiratory action, water is constantly being circu­
lated over the gill and pectoral fin tissues, this respir­
atory action increases the number of din©spores coming in 
contact with these tissues® The gills, being protected from 
abrasion, offered the most protected habitat and this was 
illustrated by the fact that the vast majority of parasitic 
cysts were found in this area® Another factor, though not 
substantiated, is that the gill tissue has the greatest 
blood flow therefore the best nutritional environment for 
the developing parasitic cyst®



Iodine stained ©odlnimm oeellatmn eysts 
attached t© the pectoral fin ©f Qmletmla gaa.vma.sla.e. 
lote the parasite aggregations in the Inter fin ray ' 
space and the tr©matode metaeerearial cyst attached to 
the fin rayo Magnification 125 X6
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Fig. 3
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Table 1

Gyst density of ©odinlnm ©cellatiam per unit area 
(lo@75 imaE) on varioms tissues of Q.uletula guaymaslae

Tissue Ay@0 § eysts
deviation

Gill tissues 11® 3®-2@@ 46

Peetoral fins 65 23=17® 35

Pelvi® fins 22 7-6® 17

Gaudal fins 26 5-57 16
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Post-mortem examination of the gill tissues revealed 

pathological alterations• The tissues were pale red rather 
than the typical deep red color. The filaments were stunted 
and edematous, lacking the distinct filament outlines 
present in normal gill tissues.

Although the exact cause of death due to oodlniosls 
is not known, the major pathological symptom, i.e. progres­
sive anoxia, indicates the probable mechanisms. The pres­
ence of vast numbers of cysts on the gill-lamellar tissue,

2up to 250 cysts per mm , could well inhibit adequate water 
passage across the gill-lamellae thereby eventually causing 
an anoxemia and COg retention, which would ultimately lead 
to terminal acidosis. In conjunction with the physical 
inhibition of oxygenation, another closely related patholog­
ical event was observed by Ellis (1937) in his studies on 
heavy metal mucous precipitation and its effect on respir­
ation. Ellis found that if the interlamellar spaces were 
clogged with precipitated mucus, the movement of the gill 
filaments became greatly inhibited or impossible. This 
condition had a direct effect on the blood in the gills in 
that blood stasis in the gill capillaries rapidly followed 
cessation of movement in the gill filaments. The parasitic 
cysts of Qodinium could well provide the mechanical inter­
ference necessary to inhibit the movement of the gill



filaments o $he rMzelds ©f the admit eyst ©©mid,' mpen 
penetration late the lamellar tissmesg enter the delleate 
eapillary system and act as a feel for thrombus formation 
and "blood stasis Q
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TREATMENT

Sopper sulphate has heem widely used 1m treating 
©©dinlosls for many yearsQ The major disadvantages of 
eopper .sulphate are its extreme toxieity to fish in soft 
waters and its toxi© action on invertebrates« In the 
present investigations several drugs commonly used in the 
treatment of external protozoan parasites were tested for 
their ability to cure ©odimiosiso With the exception of 
formalin„ which is toxi© at low eoneentrations 9 the other 
agents were selected because of their relatively momtoxle 
natureo Helms (19&7) demonstrated that formalin reacts with 
dissolved oxygen thus decreasing the amount of oxygen avail­
able to fish In respiratory distress prior to the Initiation 
of treatmento Sopper sulphate has not been tested since 
Dempster {1955a 1956) demonstrated its curative value when 
the copper ©oneentration was maintained at ©02-=©o5 ppm over 
a 10 day period!

Dempster (1955) showed that the parasitic cysts are 
rapidly detached from the epidermal surface after copper 
sulphate treatment! After detachment 9 the cysts settle to 
the substrate and undergo normal mitotic divisions to the 
256 cell stage! Copper appears to exert its lethal action



18
during the free-swimming dlnoflagellate stage! Riley {1939) 
postulated that ©opper caused a general stimulatiem of move­
ment which appears to be caused by irritation! The suscep- 
tability to copper poisoning according to Alexandrov (1935) 
is a function of the permeability of the integument0 During 
the palmella stages Oodinium might be impermeable and there­
fore nonsmseeptable to the effect of copper ions!

With the exception of the eopper-tris-formalin 
preparation each agent was tested as a dip of 4 and 1© 
minutes9 a bath of one hour, and a prolonged bath treatment 
of 12 days Q The eopper-tr1s-formalin preparation was tested 
only as a permanent bath agent„

Dips

Materials and Methods

Dips of formalin9 malachite green9 and methylene 
blue- were tested^ The following concentrations were useds

To Formalins 1©@© ppm9 and 7§© ppm solutions of 
commercial formalino

2® Malachite greens 2e® ppm, !»© ppm and ©!5 ppm!
3o Methylene blues 2©§ ppm, 100 ppm, and 5© ppm„

Five gobies with moderate infestations were placed 
in a one liter of test solution for 4 and 10 minutes®
After removal from the test solution, the fish were placed



in one gallon glass jugs with moderate aeration and observed 
ever a 12 day periodo

Results

The results of the three drugs employed in both the 
4 minute and 1© minute treatments were negativeo Formalin 
eaused immediate stress followed by fatal drug toxieity with­
in 45 minuteso Both malachite green and methylene blue at 
all concentrations tested failed to effect a cure with total 
mortality due to oodiniosis ©ecurring in all test tanks 
within 5 days.

Baths

Materials and Methods

laths of formalin9 malachite green9 and methylene 
blue were tested for one hour. Five test gobies with a 
known infestation were placed in a one liter beaker of test 
solution them after one hour were removed and placed in one 
gallon jugs with moderate aeration and observed over a 12 
day period. The following concentrations of each test agent 
were employed?

IV Formalins 13©© ppm9 1©©@ ppm0 5©0 ppm9 3©© ppm9 
1©0 ppm» and 5© ppm solutions,

2, Malachite greens 1,0 ppm, ©,5 ppm and ©,1 ppm 
solutions.



3% Methylene "blues 10© ppm, 50 ppm0 1© ppm9 and 
5 ppm solmtionso

Besults

Table 2 summarizes the resmlts of the three drags 
employed in the bath type of ©hemotherapy«' In all eases the 
results were negative* either failing to cure oodimlosis or 
eaasing fatal drag toxicity;

The formalin treatments at higher ©oneentrations 
(130© ppm and 1000 ppm) earnsed a rapid stress syndrome and 
death within 4-5 miniates o At the intermediate ©oneentrations 
(50@ ppm and 300 ppm) formalin was only partially smeeessfml 
in that it earnsed a temporary decrease in the number of 
cysts; however9 at the termination of the tests* many small 
cysts were still present on the gill and fin tissues® The 
lower ©oneentrations (100 ppm and 5® ppm) were ineffectual 
with total mortality due to oodimlosis occurring within 
72 hours®

Malachite green* at a fairly high concentration 
(1 ppm)* had a transitory palliative action greatly reducing 
the cyst count for several days; however * at this ©©m©emtra~ 
tion the fish became fuite aggitated after 3© minuteso At 
the lower concentrations (0*5 ppm and 0*1 ppm) malachite 
green proved to have little or no therapeutic value.® The
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Table 2

lesElts of "bath treatments of 3 ohemothera-peutle 
agents applied for 1 homr ©m Quletula guaymaslae infested 
with Oodlniim ©eeilatmo

Brag G©neentra= I©6 Peroent Remarks
tion(ppm) of

fish
sorviTal 
after 12 
days

Formalin 1306 5 © fatal drEg
16©© 5 © toxieity
50© 5 100 severely infested
300 5 1@© when saerifioed at 

12 days
100 5 , 0 fatal
50 5 © oodiniosis

Salaehlte lo© 5 100 severely infested
green 0o5 5 10© when saorifieed at

©ol 5 1@® 12 days

Methylene 10© 5 10© severely infested
blme 5© 5 100 when saerifieed at

1©
5

5
5

100
100

12 days

€©mtr©l caress 2® 0 fatal oodiniosis
between 8 and 12 
days



fish survived the test period "but were found t® be heavily 
infested at the time they were saerlfieedV

Methylene blue proved to be of questionable value® 
There was a 100# survival rate? however$, all the fish showed 
moderate infestations at the time of sacrifice

Permanent Bath Treatments

Materials and Methods

Permanent bath treatments of formalin9 malaehite 
green» methylene blue„ and a copper=tris=formalin prepare 
ation were tested0 The latter preparation has been used 
with some success by Br0 Morris Ho Baslow at the Hew York 
Aquariumo The formula was given to Dr* Bc A0 Thomson by 
Bre Baslow in a personal communication0 In each case 5 to 
10 fish were placed in a one gallon jug with moderate 
aeration^ The fish were observed over a period of 12 days'* 
During the test period all food was withheld to minimize 
fouling in the tanks0 The following concentrations of each 
test agent were employed s

lo Formalin s 3@0 ppm and 100 ppm solutionso 
2c Malachite greens 1.0-ppm* 0.1 ppm* ®.®5 ppm and 

0o01 ppm solut ions <>
3o Methylene blue? 500 ppm8 300 ppm* 200 ppm, 4,0 

ppm, 2.5 ppm, and fv@ ppm solutions.



Copper “tr is “formal im solmtions § = 15 ppm ami. @<>5“ 
Oe? ppm solutions* fhis solatiom was prepared fey 
mixing 4*0 grams copper acetate with 5© ml 
reagent grade formalin* T© this agmeoms solution 
23 grams of Trizma "base (tydr©xymethyl amino™ 
methate) and 23 grams of Trizma™HCL (tris 
hydr©xymethyl amimomethame hydrochloride) was 
added and mixed m t 11 most of the solids had 
dissolved*

Besnlts

The results of four drugs commonly employed in the 
permanent bath type of chemotherapy of piscine parasitosis 
are summarized in Table 3®

Formalin at the lower concentration (1@@ ppm) showed 
a transitory palliative action greatly reducing the cyst 
count for several days after which the count increased 
rapidly until at 12© hours post treatment» heavy cyst counts 
were observed* During the early phases of treatment many 
dead parasites were found on the substrate* At the higher 
concentrations (3©© ppm) skin anomalies became prominent *
The epidermal surface and/or congealed mucus sloughed off 
and there was mild exophthalmia * All the experimental fish 
died within 72 hours*
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Table 3

lesmlts ©f permanent bath treatments of 4 ehemotherapeutie 
agents applied f.©r 12 days ©n @aletmla gmayaasiae Infested 
with ©©dlmlam ©eellatim0

Brag ©@n©entra~ tlen (ppm) Me,.
©f
fish

Percent
survival
after 12 
days

Remarks

Formalin 3§© 5 2© Fatal drag toxicity
10® 5 If® Severe ©odlnlosis

lalaehlte 1»@ ’ 5 6© Severe ©©dimiosis
green 0.1 5 6© present ©n all fish

©0©5 5 2© at time ©f death or
©»©1 5 2© when sacrificed

Methylene 5@© 5 10© ■ Severe infestation
blue 30© . 5 It© when sacrificed

2®@-
4

5
5

It®
©

at 12 days

2o5 5
lot 5 0



Table 3 (©©atlnued)

Ur mg

C@pper-
triS"*
formalin

€©ne©mtra=" H©o Pereent Remarks
tion (ppm) of survival

fish after 12

©ol5 1® S© Few ©ysts present when
saerifieed at 12 days 

1© 1#© Me ©ysts present at

Cent r el 2© © Fatal ©odlniesis 
between 8 and 12 days



Malachite green m s  feiamd t© "be ineffectual at all 
eoneentratioms employed. There was a transitory palliative 
effect in eaeh ease, I.e., a decrease in the cyst eotrat, 
which was directly proportional t© the e©meentration ©f 
malachite green employed0 However, in each case at the end 
of 168 hours small cysts "became quite numerous on the gill 
and fin tissues.

Methylene blue was ineffectual at all concentrations 
employedo. The cyst count was temporarily reduced, but after 
48 hours the rate of infestation increased until the fish 
were sacrificed, at which time many small cysts were found 
to be present on all fish in all test tanks'. Division 
stages were common in the bottom detritus throughout the 
course of the experiment. In almost every ease the division 
stages were heavily■stained especially in the central or 
nuclear area. Other protozoa and occasional nematodes also 
took up relatively large amounts of stain. Bacteria were 
frequently encountered in examination of water samples. In 
the tanks with a concentration of less than 2@® ppm there 
was a total mortality of the fish within S days. In tanks 
with concentrations over 2©© ppm, many small cysts were 
present but mass mortality had not occurred before the fish 
were sacrificed at 12 days'.



2?
Beth Malaehite green and Methylene Mae tended te

eemMne with the smspemded matter in the test tanks and
precipitated forming a deeply eolered flee.

Copper~triS”foriialin solatiom was fomad to "be
effeetaal at very low ©on©entrati©ns 6 With a copper ©omcem-
tratiom of io.15 ppm in an a^mariim without mollusean shells a
almost all cysts were killed within 312 hears.' A few
division stages were present in the detritus throughout the
experiment. The greatest number of division stages were
seen between hears. However» most of these apparently
failed to achieve an infective state as a fish sacrificed

oat 21o hours had very few cysts (less than I.® am ).
At an initial dose of ©.1 ml (®«6 ppm Cm/liter) a 

10® percent cure was obtained. Division stages were present 
in the detritus up to ?2 hours after which none were seen. 
All fish were sacrificed at 312 hours and were found to be 
completely free of cysts.



CHAPTER ¥

PRECIPITATION OF COPPER IONS IN SEA WATER

In the treatment of oedlnlosis with copper compounds 
one of the major problems has been the maintenance of copper 
ion concentrations within nontext© bmt therapeutic limitso 
Copper ion tends to precipitate rapidly in the presence of 
excess bicarbonate ion and to adhere to organic detritus 
thus decreasing the therapeutic valueo Dempster (1955) 
pointed omt that copper sulphate in the presence of excess 
bicarbonate ion substantially reduced the concentration of 
ionic copper and therefore he advised the treatments be 
conducted in the absence of all calcareous materials=

Riley (1939) .showed that organic detritus may sub­
stantially reduce the concentration of ionic copper l©n0 He 
postulated that the adhesion to organic material was the 
major reason for the decrease in copper ion in fresh waters s 
however9 other authorities iVe®* Hutchinson (1957) stated 
that the inorganic precipitation is a major factor0 The 
present investigations suggest that copper ion is being 
precipitated primarily as an inorganic salt»

The investigations on the precipitation rate of 
various copper compounds in sea water were undertaken to 
determine the precipitation rate in aquaria containing a



ealeareoms substrate as eezitrasteti. with aquaria laeking smeh 
substrate and to determine what type ©f eopper compound had 
the greatest residual effects

Materials and Methods 

Preparation of eopper test solutloms

In each of the four simple eopper salts tested* the 
solutions were prepared in such a manner that the stock 
solution had a copper ion concentration of 1000 ppm0 In 
order to determine the exact amount of salt necessary to
yield a 1000 ppm stock solution the following equation*
modified from Dempster (1955)* was employed;

x = (V) (P) (Z)_ where*
1000

x - weight of salt in grams
V = volume in liters
E"-= parts per million of copper desired
Z =5 number of grams of salt containing l o0 

grams copper

In every ease glass redistilled water was used in 
order to prevent contamination with ether metallic ions or 
additional copper ion present in commercial plumbing 
facilities *



The following ©opper ©ontaining ©ompotmds were used 
in making stoek test solutions*

lo Copper chlorides CmClg ® 2H£© l?0o$2 g/mole
Bo Copper acetate: ° EgG 199»65 g/mole
3o Copper nitrate: CuCNO^)^ 0 3%© 2^1=5^ g/mole
M'o Copper sulphate: Cm8%  6 3%© 2^9o5 g/mole
5= Copper"tris-form&lIn solution: 4o0 grams copper 

acetate@ 5© ml of 37^ formaldehyde and 46 grams 
trls buffer,.

Copper precipitation tests

The rate of ©ationic precipitation at a eoneentra^ 
tiom of I;# ppm was tested by pipetting 4»® ml stoek 
solution into a 5 gallon glass, aquarium containing 40© 
liters of fresh sea waters Copper sulphate was also tested 
at a high concentration,, 13 ppm9 by pipetting $2 ml of stoek 
copper sulphate solution into 4e§ liters of sea water0 Each 
solution was tested in armaria containing S6@ grams of a 
calcium carbonate sand followed by a parallel series of 
tests in aquaria devoid of carbonate sando Experiments were 
conducted over a 72 hour period except in the ease of the 
copper“tris-formalim solution in which ease tests were con­
ducted over a 12© hour periodl Water samples were analysed 
at the following intervals: © minutes8 3© minutes8 1929 3»
69 9, 150 219 359 469 589 729 and 12© hourso



Betermlnation of copper concentration

In the analysis of the copper concentrations deter­
mined as ppm copper iem, two separate and distinct tests 
were employed'® In each case a Bamseh and Lomh Speetroni©=2@ 
colorimeter was msed to measare the percent light trans­
missions

Method I®
The first method employed was the Haeh Cnprethol 
powder teehniqn© described in the Haeh Chemical 
Corporation Mammal on “Proeedmres for Water and 
Sewage Analysis Using the Bamseh and Lomb Spec- 
tronie-2© ColorimeteroM 

Method 20
The second method was the sodium diethyldithio- 
carbamate method described by Chow and Thompson 
(1952) and Dempster (1955)« A 5© ml sample of 
sea water was placed in a 125 ml separatory 
funnel to which was added 5°© ml of ammonium 
citrate buffer pH 9o0”9o2o This solution was 
mixed for 3® secondso Exactly 10© ml of sodium 
diethyldithioearbamate indicator was then added 
and mixed for 3© seconds® To this solution 
exactly 1© ml of carbon tetrachloride was added 
and shaken vigorously for three minutes® The 
solution was them allowed to stand for 12 minutes



•fee attain phase separation® The denser ear "bon 
tetrachloride layer was decanted into a §«5 ineh 
©elorimetrie tube and measured at a wave length 
of millimierems® The percent light trans­
mission was converted to ppm copper "by reference 
to the calibration graph constructed "by 
Dempster (1955)°

Results

In tests involving the precipitation rates of copper 
salts ©f varying molecular weights in aquaria with and with­
out a calcareous sand substrate9 a slight increase in copper 
ion stability was detected with increasing molecular weight9 
see Figures b through 9° Copper chloride (170o5̂  g/mole) in 
the presence of a calcareous sand substrate, forms a precip­
itate from sea water more rapidly than any other agent 
tested® During the first E hour period copper chloride 
precipitated considerably faster than the other copper 
saltsg after which the precipitation rate decreased mark­
edly 0 Copper acetate (199065 g/mole) and copper nitrate 
(2̂ 1%5̂  g/mole) precipitated at approximately the same rate® 
Copper sulphate (249®5 g/mole), the heaviest simple salt 
tested was retained in solution slightly longer than the 
other mom-chelating agents® C?©pper-tris-formalin prepar­
ation had a significantly greater residual effect than any



33

o%oo — -o

0.1- • o

HOURS

Fig. 4.— The comparative precipitation rate of a 1.0 
ppm Cu*H" solution of copper chloride in sea water aquaria 
containing a calcareous sand substrate and aquaria with 
only a glass substrate
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Fig. 5.— The comparative precipitation rate of a 1.0 
ppm Cu+~r solution of copper acetate in sea water aquaria 
containing a calcareous sand substrate and aquaria with only 
a glass substrate
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Fig. 6.— The comparative precipitation rate of a 1.0 
ppm Cu4"̂ solution of copper nitrate in sea water aquaria 
containing a calcareous sand substrate and aquaria with 
only a glass substrate
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Fig. ?.— The comparative precipitation rate of a 1.0 
ppm Cu+^ solution of copper sulphate in sea water aquaria 
containing a calcareous sand substrate and aquaria with 
only a glass substrate
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Pig. 8.— The comparative precipitation rate of a 1.0 
ppm Cu+ solution of copper-tris-formalin solution in sea 
water aquaria containing a calcareous sand substrate and 
aquaria with only a glass substrate
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Fig, 9«— The comparative precipitation rate of a 13.0 
ppm Cu+'r solution of copper sulphate In sea water aquaria 
containing a calcareous sand substrate and aquaria with 
only a glass substrate
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o o Na diethyldithiocarbamate method substrate
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©f the simple metallie salts. The ©belated copper complex 
was apparently chemically bonded in such a manner that the 
carbonate precipitation reaction and the adsorption of 
copper on organic particles were partially Inhibited0

The rapid removal of ionic copper from the aquaria 
containing a calcareous sand substrate as compared to a 
glass substrate is illustrated in Figures 4- through 9» 
Dempster (1955) pointed out that copper is rapidly precip­
itated from solution when excess quantities of carbon 
dioxide or carbonates are present. Therefore9 in any treat­
ment program it is desirable to treat the fish in clean, 
non-metallic tanks devoid of plants and/or calcareous 
materials.

Hutchinson (1957) stated that ionic copper forms a 
basic carbonate in hard waters. The basic copper carbonates 
being quite insoluble8 are precipitated as a bluish-white 
floe which Michels, Henkel„ and MeHall (1946) considered to 
be of somewhat variable composition. Hutchinson (1957) has 
postulated that these precipitations might resemble 
malachite GuGO^ ° OutGE)^ and asurite £GuGG^ ° Gu(@H)g , two 
well described basic copper carbonates commonly found in 
natures however, the physical chemistry of the precipitates 
has net been verified.



CHAPTER VI

CONCLUSIONS

A paras.it 1© i-imeflagellate ©f the Gem ms 0©dimimm9 
resembling Qodimlmm ©©ellatmm in every detail exeept being 
smaller, has been shew t© be imdigemems in the tipper ©alf 
of Calif©rniao Mild infestations were present in native 
gobiid fish, primarily Omletala gmavmasiae0 from the 
estmaries at Cholla Bay, Sonora, Hex is© o,

The symptoms of ©pdiniosis were fommd to be 
generally nonspeeifie, paralleling the general symptoms of 
anoxia and e©t©parasitism by other irritating organisms,
The only pathognemonie feature was a reddish mmeoid -seere- 
tion at the base of the peetoral and pelvi© fins, whi©h did 
not beeome evident mntll the infestation was well estab­
lished,- Diagnosis of ©odiniosls from the symptoms is 
possible? however, final diagnosis mast be based on the 
mleroseople examination of the tissues and the demonstration 
of the eharaeterlstle eystso Diagnosti© examination of 
water samples for the free-swimming dinoflagellate stage is 
of questionable value as the dinoflagellate stage of 
Oodlmlim ©losely resembles the non-parasitie dinoflagellate 
Oxyrrhis marina0

40
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Several aathers, motafely Jaeofes (1946) ami. Mgr ©111 

(1936) have reported that many fish are either moderately 
resistant to oodlmlesls, developing only mild infestations» 
or after an initial Infestation develop an a©tmired 
immunity o In every ease Q.nietula guavmasiae developed a 
heavy, fatal infestation thus Indicating that this species 
possesses little if any resistance or immunity<>

Treatment using dips of formalin9 malachite green, 
and methylene "blue proved to have no therapeutic value e 
Formalin was toxic at the concentrations employed while 
malachite green and methylene blue did not inhibit the 
infestation,,

Bath treatments employing the above mentioned drugs 
were only partially successful in that they effected a 
transitory decrease ia the cyst counto It was suspected 
that this decrease was due to detachment of many of the 
cysts in the bath solution rather than actual cyst death 
thereby accounting for the palliative action® If detachment 
did occur this would account for the 1@© percent survival 
for bath treatments of malachite green and methylene blue 
while considerably lower survival rates were obtained in the 
permanent bath treatments o

Permanent bath treatments showed varying degrees of 
successo Formalin treatments at a low concentration (1©0 
ppm) failed to cure oodimlosis while a high concentration



(300 ppm) was toxic* Malachite green and methylene "blue 
produced a transitory decrease in the cyst count; however, 
at the termination of the experiment all fish were heavily 
infested with small cysts* It was therefore concluded that 
malachite green and methylene "blue were of no therapeutic 
value at the concentrations employed* The copper-tris- 
formalin preparation was found to be effective at very low 
concentrations (0*15 ppm) reducing the cyst count to less 
than 1 cyst per 1.0 mm2* A fairly high concentration of 
0*5-0*7 ppm resulted in a complete cure* The copper-tris- 
formalin preparation was not toxic to Quietula guavmasiae 
at the concentrations and times employed.

Although the copper-tris-formalin solution had a 
high curative effect, its value as a general chemotherapeu­
tic agent for oodimiosis remains questionable. The Trizma 
base and Trizma-HGL reagents of the copper-tris-formalin 
preparation are considerably more expensive than reagent 
grade copper sulphate while being only slightly more 
effective. In my opinion copper sulphate applied at a con­
centration of 0*2-0.4 ppm as copper ion is the most econom­
ical and practical method of treating infestations of 
Oodinium oeellatum.

It was shown that the anion had a slight effect on 
the precipitation rate of copper salts in sea water. The 
precipitation rate in the presence of a calcareous sand



substrate was so rapid that treatment wo aid "be dlffloalt 
and weald req,alre ©ontlnaoas application of eepper solatione 
The eopper-tris-formalin preparation had the longest 
residaal effeet retaining a smffieient level of eopper to "be 
of therapemti© valae even in the presence of a ealeareoas 
sand substrate o.
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