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ABSTRACT

A small race of Qodinium ogellatum comparing
favorably in all aspects exeept size te the species descrip-

tion was found to be ectoparasitic on Quietuls guaymasiae

A

and other fTishes c@lle@ted at Puerte Penaseo, Sonors,
Mexico. The symptomatology of oodiniosis revealed only one
pathognomonic character, a reddish-pink mucoid seeretion at
- the base of the peectoral fiﬁso . Other symptoms were non-
specific for @@diniesisglbeing indicative of = general
diseased stabte. Treatment with several chemotherapeutic
agents showed varying degrees of success. Selected copper
salts tested for their stability in aquaria containing a
glass substrate as eontrasted to a calcareous sand substrate
showed a slight inerease in stabllity with inereasing
mele@alar welght. The pres@me@ of calcareous material
substantially reduced the stability of eopper ion. Copper
sulphate applied direetly at Cu’™ concentration of 0,2-0.4
ppr was found te be the most practieal method of treating

ocodiniesis.
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CHAPTER I
INTRODUCTION

Oodiniosis is a highly infectious ectoparasitic
disease of teleost fish and sguatic amphiblans. Freshwater
oodiniesis is caused by twe species, Qodinium limnecticum

Jacobs, 1946, and Qodinium pillularis Schaperclaus, 1951,

Marine oodiniosis is caused by a single sp961639 Oodinium
~oecellatum Brown, 193i. QOcodinium ocellatum is a naked
‘dinoflagellate of the Family Blastedinildae which represeﬁts
a multigeneric family parasiti¢ in of on a wide variety of
enimals. _ ,

Brown (1931) first deseribed a parasitic dinoflag-
ellate9 Oodinium ocellatum occurring on the general body
surface of trapiéal marine fiskes imported from the East
Indies amd the‘West Indies, in the Aguarium of the Zoolog-
ical Society of Lenden. In later studies Nigrelli (1936)
described infestations @f Oodiniam ccellatum from Sandy Hook
Bay, New Jersey to Key West, Fleridao Dempster (1955)
recorded oodiniosis in the tanks at the Steinhart Aguarium
in San Frencisco. This epizootic was believed to have
resulted from importation efllarge shipments of tropieal
reef fishes from the Hawalian Islands. Dempster also dis-
covered moderately severe infestations in several indigenous

1



Californian coastal fishes, namely striped bass (Rocecus
saxatilis), rubberlip seaperch (Rhacochilus toxotes), and
gatug). The latter findings represent

lingcod (Ophiodon elonsg

the first discovery of Qodinium ocellatum in nonmigratory

fishes native to cooler temperate waters.

Barly in 1966 several major outbreaks of a protozoan
parasitosis causing high m@ftalities oceurred in aquaris
containing fishes from the upper Gulf of California at the -
University of.Arizonao Since the eplzootics resembled
oodinliosis, investigations were initiated to: (1) identify
the cauéative organism; (2) deseribe the symptématology of
oodiniosis in the estuarine gobild fish Quietula guaymesiae:
(3) re-evaluate some eommonly employed chemotherapeutie
agents a?plied as dips, baths, and prolonged bath treat-
ments; (4) analyze the comparative precipitation rate of
copper lons from seleeted copper compounds in ses water: and
(5) determine the effect of a @aleére@ms sand substrate on

the copper precipitation rates.



CHAPTER II
MORPHOLOGY AND TAXONOMY

Acecording to Nigrelli (1936), the parasitic stage of
0. ocellabum is a pyrifeorm organism which has a mean length
of 6@!1 microns end s mean width of 50,1 mierens, The
organism adheres to the host's surface fissues by means of a
éelicate systen of rhizoids arising at the posterior aspeect
from a thickened retractile peduncle, which extends through
an orifiece in the cellulose céll wall. Also attached to the
peduncle is an elongated ribbon-like flagellum which can be
seen slowly sweeping over the host's epidermis. Immediately
internal and slightly lateral to the peduncle a stigma or
eye=spot is present. ihis organellé consists of a broad red
bar and a slender black pigmented bar eentaining a elear
- refractile area between the two bars. The inbernal struc-
téies consist of a centrally located nuecleus ranging in size
from 12 microns to 30 mierons. Distally surrounding the
nﬁelens are found numerous pale green chromatophores, which
upon tréatment with icdine-potassium iodide yielded a @har%‘
acteristic purplish @él@TQ thus indieating the presence of
starch.

Once-the adult eyst has been rémoved from the host
the rhizoids, pedémele; and flagellum are retracted and the

3.



b
cell wall orifice is gradually closed by a cellulose secre-
tion. After the orifice has closed cellular fission
commenees. The divisions are more or less equal and con=
tinvue to the 128 cell stage whereupon dinospore metamor-
phosis océurs° After flagellation has occurred, the
palmella undergees one more division yilelding 256 motile
dinospores. The dinospores undergo several minor maturation
tranéfermations whereupon they assume the typieal free-
swimning dinoflagellate form. In the metaeyéli@ dinoflag-
ellate the epicone is slightly smaller than the hypocone.
The nucleus has the typieal adult morphology. The ocellus
is loeated to the right medial aspect of the epicone. The
free swimming dinoflagellaﬁe stage of 0. ocellatum is a
small organism measuring épproximately.12 micrens in length
and 8 mierons in width.

The identifieation of the speecies of Ogiinium
@@eurring in the upper Gulf of California was.baéed on the
1ife ecyele, on the morphology, the size of the adult

siae,

parasitic stage on various tissues of Quietula gusym

end the free-living dinoflagellate stage., Natural infesta-

tions were discovered in freshly caught Qgigﬁglg gua,

In 20 fish examined, mild infestations ranging frem‘l to 5
eysts per fish were found on the pectoral fins and gills.

The life eycle of the speecies from the Gulf of California

'@@mpared favorably to the life eycle as given by Nigrelli

(1936) .



The morphologlical characteristics of the parasite

upon which identification was based, as shown in figures 1

and 2, were:

1.
'20
3.

L.

5
6.

A caudal peduncle terminating in few rhizoids.
An elongated ribbon-like undulating membrane.
An eye-spot (stigma neuro-motor complex) con-
sisting of a black and a red pigment bar with a
highly refractile area in between.

The large round to ovold centrally located
nucleus.
The pear-shaped contour of the adult parasite.

The presence of peripheral green chromatophores
yielding the characteristic purplish starch
reaction with iodine-potassium lodide.

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

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 61.1

microns in length by 50.1 miecrons in width.

The free-living dinoflagellate stage conformed in

all detalls, except size, to the description given by



Figo 1

Unstained QOedinium ccellatum attached to the
pectoral fin of Quietuls guaymasiae showing stigma (st.),
peduncle (pd.), nucleus (n.), chromoplastids (¢h.), and
cellulose membrane (¢. ew.). Magnification 860 X,



Fig-1



Fig. 2.— Parasitic stage of Oodinium ocellatum

showing major morphological features. am., amyloid gran-

ules; ch., chromoplastids; fl., flagellum; n., nucleus;
stigma-neuromotor

pd., peduncle; rh., rhizoids; st.,
complex. (Modified after Nigrelli, 1936)



Nigrelli (1936). The dinospore size based on 20 measure-
ments, was 9.2 mierons in lengbth and 6.5 microns in width,
" which was smaller than Nigrelli'’s measurements of 12 microns
in length and about 8.0 microns in width.

Except for the size differentisl, all other features
were in accordance with Nigrelli's deseription. Therefore,
the parasite was determined to be a sméll race of Qodinium

ocellatum.



CHAPTER III

SYMPTOMATOLOGY

~

The subje@t of Oodinium ocellatum has been investi-
gated by several authors; héwever{ éhe general symptomatol-
ogy in fish has been neglected in all papers. Nigrelli
(1936); in his extensive research on the morphology and life
cyele of O. ocellatum, only éasually mentioned one symptom--
a pinkish cast in the mucous secretions. Dempster (1955)
stated two majef sympt@még namely, inereased respiration and
the tendency for the fish to ceongregate near the surface;
Reichenbach-Klinke and Elkan (1965), in their review of the
main symptoms of fish disease9 attribute only two sympt@msj
to @@dini@siss (1) & velvety surface, which is characteris-
tie of Q:_limnetiéum and Q. pillularis and (2) permanently
opened 6pereu1umlwhieh is characteristic of all three
species parasiti@ on piscine hosts.

The symptomatology of ocodiniosis in the goby
Quietula guaymasise and alse in the related gobiid fishes
(éillichthges Spp. and Ilypnus Spp.) follows a rather char-
acteristic,patﬁern of eveﬁtsi. The ma jority of symétoms are
variable and may be considered to parallel cleosely the
anoxia syndrome or ectoparasgsitism by other organisms of
diverse phyla. Thé @nlyvsympt@m eharécteristic of

o :



10
oodiniosis is a reddish mucoid seeretion on the proximal
aséects of the pecboral fins and to a lesser degree on the
pelvic fins.

The earliest symptoms of disease, which occurred
from 24 to 36 hours after inoculation of the aguarium with
peridinian dinoflagellates, consisted of scratching against
'~ the substrate and oceasional bursts of erratic swimmingy
The fish, which normally rest on the substrate, periodically
engaged in short bursts of twisting gyrations lasting from
one through 4 see@nds; ﬁhexeupon they returned to a normal
resting position, Aeccording to Beichenbach-Klinke and
Blkan, (1965); the_gyraﬁions are interpreted as an attempt
to iid_irritating parasites attached to the skin: As the
infestation pregreséedglthe gyrations increased in magni-
tude, duration, and freguency until approximately 48 hours
prior to death, at whieh timé,swimming became progressively
erratic and uncoordinated.

Another g@neraiizgd indieator of disease, which
appeared 2 to 4 days post-inoculation, was the depression of
the dersal fin against the body surface. Except during
periods of sﬁimming9 the dorsal fin remained depressed
almost constently uwntil death,

The most obvious pathological symptom was a progres-
sive anoxia, The first indications of anoxia were increased

opercular movements; these inecreased from a non-infected



basal rate of approximately 59 beats per minute to over 115
beats per minute in massively infested fish near death. The
anoxia was manifested in a progressive tendency to seek
areas of higher oXygen concentratiens, that is, areas near
the air-water interface., At first the fish would either
swim to the surface for a few seeénds or attach themselves
by means of the modified pelviec fins teo the glass walls of
the aguaria within a few centimeters of the surfaece. Later,
24 to 48 hours prior to death, the fish remained almost con-
stantly attached to the aguaria Walls'at the air-water
interf‘a@e;T At this stage, the opereula were markedly
swollen and there was a reddish-pink cast to the mueoid
seeretions on the surface of the ?eet@ral and pelvie fins,
From 2 to 15 hours prior te death, the fish lost almost all
coordination and just floated in a position vertieal to the
surface., An air bﬁbble formed in the oral cavity and
'pharyngeal region, which pulsated with each opercular
movement . Periodically the fish passively sank, tail first,
to the sabstrate'remaining on the substrate in abnormal
positiens for varying lengths of time, whereﬁpon they wouwld
attempt to return to the surfaece or expire upon the sub-
strate. In 2ll eases the mortality was complete for the
entire fish population in the infected aguaria.

| Immediately after death, an amtopsvaas performed on

each fish to ascertain the number of cysts present on
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selected areas, namely the gills and the pectoeral, pelvie
and ecaudal fins. The results in Table 1 show a definite
preference for certain tisswes. In each caée the measure- |
ments were based on a microscopic field of 1.075 mm? and twé
samples were examined from each tissue eﬁ each of 40
subjeéts; Figure S‘illuSErates the eyst density on the
pectoral fin of Quietula gusymasiae.

Fewer cysts were present om those tissues in which
contaet with the substrate was greatest, namely, the eaudal
and pelviec fins. In almost every case the caudal and pelvie
fins were in almost constant contact with the substrate and
therefore were subject to frietional abrasion. In contrast,
the peetoral fins were eémmonly held vertieally with only
the most ventral areas in actual contaet with the substrate.
Due to respiratory action, water is constantly being cireu-
lated over the gill amnd peetofai fin tissues, this respir-
atory action increases the number of dinespores coming in
contaet with these tissues. The gills, being protected from
abrasion, offered the most protected habitat and this was
illustrated by the faet that the vast ma jority of parasitic
eysts were found in this area. Another factoer, though not
substantiated, is that the:gill tissue has the greatest'
blood flow therefore the best nubtritional environment for

the developing parasitic eyst.



Fig., 3

Iodine stained Oodinium ocellatum cysts
attached to the pectoral fin of Quietuls guaymasise.
Note the parasite aggregations in the inter fin ray -
space and the trematode metacercarisl cyst attached to
the fin ray. Magnification 125 X.




Fig. 3
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Table 1

Cyst depsity of Oodinium ocellatum per unit area
{1.075 mm“) on various tissues of Quietula guaymas

Tissue Ave., # eysts Range Standard
: deviation
Gill.tissueé 110 | , 36;2@6 6
Pectoral fins 65 23;170 35
Pelvie fins 22 | 7-60 - 17

Caudal 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 distlinct filament outlines
present in normal glll tissues.

Although the exact cause of death due to oodinlosis
is not known, the major pathological symptom, i.e. progres-
slve anoxia, indlcates the probable mechanisms. The pres-
ence of vast numbers of cysts on the gill-lamellar tissue,
up to 250 cysts per mmz, could well inhibit adequate water
passage across the glll-lamellae thereby eventually causing
an anoxemia and COp 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 eand its effect on respir-
ation. Ellis found that if the interlamellar spaces were
clogged with precipitated mucus, the movement of the gill
fllaments became greatly inhibited or impossible; This
condition had a direct effect on the bloed in the gills in
that blood stasis in the gill ecapillarles rapidly followed
cessation of movement in the gill filaments. The parasitic
cysts of Qodinlum could well provide the mechanical inter-

ference necessary to inhlbit the movement of the gill



filaments. The rhizoids of the adult cyst could, upen
penetrati@n into the lamellar tissues, enter the delieate
capillary system and act as a foel for thrombus formation

and bleood stasis.

16



CHAPTER IV
TREATMENT

Copper sulphate has been widely used ih treating
codinlosis for nany years. Thé mg jor disadvantages of
eopper,sulphate‘are its extreme toxieity to fish in seoft
waters and its toxic action on invertebrates., In the
present investigations several drugs commonly wused in the
treatnment of external protozoan parasites were tested for
their ability to cure ocodiniesis., With the exception of
Tormalin, which is toxie at low ebneentraﬁions9 the other
agents wefe selected because of thelr relatively nontoxie
nature, Helms (1967) demonstrated that formalin reacts with
disselved oxygen thus decreasing the amount of oXygen avail-
able te fish in respiratory distress prior to the initiation
of treatment, Copper sulphate has not been tested since
Dempster (1955, 1956) demonstrated its curative value when
the copper conecentration was maintained at 0.2-0.5 ppm over
a 10 day period. |

Dempster (1955) showed that the parasitic eysts are
rapidly detached from the epidermal surface after copper
sulphate treatment, After detachment, the cysts settle to
the substrate and undergo normal mitotie divisionS‘to the
256 cell stage’; Copper appears to exert its lethal aetion

17
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during the free-swimming dinoflagellate stage:  Riley (1939)
pésbulated that copper caused a general stimulatien of move-=
ment which appears to be caused by irritation, The suscep-
tability to copper poisening according to Alexandrov (1935)
is a function pf thé permeablility of the integument. During
the palmella stages Oodinium might be impermeable and there-
fore nensmseeptablé to the effect df.copper ions.

With the exception of the copper-tris-formalin
preparation each agent was tested as a dip of 4 and 10
minute59 a bath of one hour, and a prolonged bhath treatment
of 12 days. The copper-tris-formalin preparation was tested

only as a permanent bath agent.
Dips
Materials and lMethods

Dips of formaliﬁ9 malachite green, and methylene
blue were tested. The following G@ncentraﬁi6ns were used:
i, Férmalin: 1000 ppm, and 700 ppm solutions of
commercial formalin.
zo'Malaehite green: 2,0 ppm, 1.0 ppm and 0.5 ppm’
3. Methylene blue: 200 ppm, iOO ppm, and 50 ppmo

Five gobies with moderate infestabions were placed
in o one liter of test solution for 4 and 10 minutes.

After removal from the test solution, the fish were placed
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in one gallon glass jugs with moderate aeration and observed

over a 12 day period.
Results

The results of the three drugs employed in both the
L minute and 16 minute treatments Wére negative. Formalin
caused immediste stress folleowed by fatal drug toxieity with-
in 45 minutes. Both malachite green and methylene blue at
all concentrations tested failed to effect a cure with total
mortality due to oodinlosis occurring in all teét tanks

- within 5 days.
Baths
Materials and Methods

Baths of formalin, malachite green, and methylene
blue were tested for one hour. FFive tesﬁ gobies with a
known infestation were placed in a one liter beaker of test
solution then after one hour were removed and placed in one
géllan jugs with moderate aeration and observed over a 12
day period. The fellowing cancentraﬁi@ns of eaéh test agent
ﬁere employed:

1. Formalin: 1300 ppm, 1000 ppm, 500 ppm, 300 ppm,

100 ppm, and 50 ppm solutions“g~ |
2, Malachite green: 1.0 ppm, 0.5 ppm and 0.1 ppm

solutions,
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3% Methylene blue: 100 ppm, 50 ppm; 10 ppm, and

5 ppm solutions,

Besults

Table 2 suﬁmarizes the resultslof the three drugs
employed in thé bath type of chemotherapy. In all eases the
results were negative, either failing %@ cure oodiniosis or
causing fatal drug btoxiclty;

The Tormalin treatments ét higher concentrations
(1300 ppm and 1000 ppm) caused a rapid streés syndrome and
death within 45 minutes. At the intermediate'eéneentrations
(500 ppm and 300 ppm) formalin was ocnly partially suceessful
in that it caused a temporary decraase in the number of
cystes; however, at the termination of the tests, many small
cysts were still‘present on the gill and fin tissﬁese The
lower concentrations (100 ppm and 5®'ppm) were ineffectual
with total mortality due to oodiniosis ocecurring within
<72 hours.

VMalachite green, at a fairly high conecentration
.(1 ppm), had a transitery palliative action greatly redu@ing
the eyst count'f@r several days; however, at this @én@entraw
tion the fish became guite aggitated after 30 minutes. At
the lower concentrations (0.5 ppm and 0.1 ppm) malachiﬁe'

green provéd to have 1little or no therapeutic value. The



Table 2

Hesults of bath treatments of 3 chemotherapeutic
agents applied for 1 hour on Quietula guaymasiae infested
with Codinium eocellatum. '

Drug Concentra- No. Percent Bemarks
tion(ppm) of survival
fish after 12
days
Formalin 1360 5 e fatal drug
1060 5 0 toxicity
500 5 100 severeiy infested
300 5 100 when sacrificed at
12 days
100 5 . 0 fatal
50 5 0 oodiniosis
Malachite 1.0 5 100 severely infested
green 0.5 5 1@@ when sacrifieced at
0.1 5 100 12 days
Methylene 100 5 100 severely infested
blue 50 5 100 when saerificed at
10 5 100 12 days
5 5 100
Control - 20 fatal oodiniosis

between 8 and 12

days
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fish survived the test period but were found to be heavily
infested at the time they were Saerifi@edo

Methylene blue proved to be of gquestionable value.
There was a 100% survival rate; however, all the fish showed

moderate infestations at the time of sacrifice.
Permanent Bath Treatments
Materials and lMethods

Permanent bath treétments of formalin, malaechite
green, methylene blue, and a copper=tris-formalin prepar-
ation were tested., The latter preparation has been used
with some success by Dr., Morrié H. Baslow at the New York
Aguarium. The formula was given to Dr. D. A. Thomson by
Dr. Baslow in a ﬁersonal communication, 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 2ll food was withheld to minimize
fouling in the tanks. The following concentrations of each
test agent were employed:

1. Formalin: 300 ppm and 100 ppm selutions.

2, Maiachite green: 1.0 ppm, 0.1 ppm, 0.05 ppm and

0.01 ppm solutions.
3., Methylene blue: 500 ppm, 300 ppm, 200 ppm, 4,0

ppm, 2;5 ppmg and 1,0 ppm solutions.
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L, Copper-tris-formalin solution: 0.15 ppm and 0.5-

0.7 ppm solutions. This solution was prepared by
mixing 4.0 grams copper acetate with 50 ml
reagent grade formalin. To tﬁis agueous solution
23 grams of Trizma base (tydroxymethyl amino-=
methate) and 23 grams of Trizma-HCL (tris
hydroxymethyl aminomethane hydrochloride) was
added and mixed wuntil mest of the solids-had

dissolved,
Results

The results of four drugs commonly employed in the
permanent bath type of chemotherapy of piseine parasitesis
are summarized in Table 3. | |

Formalin at the lower concentration (100 ppm) showed
a transitory palliative action greatly reducing the eyst
count for several days after which the count inereased
rapidly wntil at 120 hours post treatment, heavy cyst counts
were observed. Duriné the early phases of treatnent many
dead parasites were found on the subétrate; At the higher
concentrations (300 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.



Table 3

Results of permanent bath treatments of 4 chemotherapeutie
agents applied for 12 days on Quietula guaymasiae infested
with QCedinium ocellatum.

Drug, Concentra~- No. Percent RBemarks
tiocn (ppm) of gurvival
fish after 12

days
Formalin 300 5 20 Fatal drug toxieity
100 5 100 Severe ocodiniosis
Malachite 1,0 5 60 Severe ocodiniosis
. green 0.1 5 60 present on all fish
0.05 5 20 at time of death or
0,01 5 20 when sacrificed

Methylene 500 100 Severe infestation

blue 300 100 when sacrificed
200 1060 at 12 days

2.5

=
(ST ST Y S S Y
o o

1.0
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Table 3 (econtinued)

Drug Concentra~ No. Pereent Remarks
tion (ppm) of survival
fish after 12
days
Copper= 0.15 10 80 Few cysts present when
tris= sacrificed at 12 days
formalin 0.5-0.7 10 100 No eysts present at
12 days
Contrel wemen 20 5] Fatal ocodirniosis

between 8 and 12 days
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Malachite green was found to be imeffectual at all
concentrations employed. There was a transitory palliative
effect in each ease, i.e., a decrease in the cyst count,
which was directly propertional te the eenaentrati@n of
malachite green employed. However, in each case at the end
of 168 hours small cysts became guite numereus on the gill
and fin tissues. .

Methylene blue was ineffectual at all concentrations
employed., The eyst count waé temporarily reduced, but after
43 h@mfs the rate of infestation Inereased until the fish
were sgserificed, at which time many small eysts were found :
to be presenttem all fish'in all test tanks. Divisien
stages were common in the bottom detritus throughout the
course of the experiment. In almost every case»the division
stages were heavily stained espeecially in the central or
nuclear area. Other protozoa and occasional nematodes also
took up relatively large amounts of stain. DBaeteria were
frequently encountered in exXamination of water samples. In
the tanks with a concentration of less than 200 ppm there
was a total mortality of the fish within 8 days. In tanks
with ceneentrations over 200 ppm, many small cysté were
present but mass mortality had not oceurred before the fish

Weré sacrificed at 12 days.
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Both Malachite green and HMethylene blue tended to
eombinebwith the suspended mattef in the test tanks and
preeipitated forming a deeply colored flee.

. Copper-tris-formalin selution was found to be
effeectual at very low concentrations, With & copper concen-
tration of 0.15 ppm in an aguarium withoubt mollusean shells,
almost all cysts were killed within 312 hours. A few
division stages were present in the detritus throughout the
experiment. The greatest number of division stages were
seen between 48-=96 hours. However, most of these apparently
failed to achieve an infective state as a fish sacrificed
at 216 hours had very few eysts (less than 1.0 mmz)o

At an initial dose of 0.1 ml (0.6 ppm Cu/liter) a
100 percent cure was obtained. Division stagés were present
in the detritus up to 72 hours after which none were seen.
All fish were saerificed at 312 hours and were found to be

completely free of ecysts.



CHAPTER V
PRECIPITATION OF COPPER IONS IN SEA WATER

In the treatment of oodiniesis with copper compounds
one of the major problems has been the maintenance of copper
ion eoncentrations within nontoxle but therapeutic limits.
Copper ion tends to precipitate rapidly in the presence of
excess biearbonste ion and to adhefe to organic debritus
thus deereasing the therapeutic value. Dempster (1955)
pointed out that ecopper sulphate in the presence of excess
bicarbonate ion substantially reduced the conecentration of
ionie copper and therefore he advised the treatments be
conducted in the absence of all caleareous materials.,

Riley (1939) showed that organiec detritus may(sub;
stantially reduce the concentration of ienie copper ion. He
postulated that the adheéion to organie materlial was the
major reason for the decrease in copper len in fresh wabters;
however, other authorities i.e., Hubchinson (1957) stated
that the inorganic precipitation is a major factor. The
present investigations suggest that eopper ion is being
preeipitated primarily as an inorganie salt.

The investigations on the préeipitation rate of
various copper compounds in sea water were undertaken to
determine the preelpitation rate in agquaria containing a

28
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calcareous substrate as conbtrasted with aguaria lacking such
substrate and to determine what type of copper compound had

the greatest residual effect,
Materials and Methods
Preparation of copper test solublons

In each of the four simple copper salts tested, the
sélﬁtions were prepared in such a manner that the stock ‘
solution had a copper ion eeneenbration of 1000 ppm. In
order to determine the Qxaet amount of salt necessary to
yield a 1000 ppm stock solution the following equation,
modified from Dempster (1955), was employed:

(v) (P) (Z)

X = where,
1000

]

weight of salt in grams

velumne in liters

parts per million of copper desgired

]

N " g W
i

number of grams of salt centaining 1.0

grams copper

In every case glass redistiiled water was used in
order to prevent contamination with other metallic ions or
additional copper ion present in commercial plumbing

facilities.
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The following ecopper containing compounds were used
in making stock teét solutions: '
1. Copper chloride: CuCl, ° 2Hp0 170.52 g/mole
2. Copper acebtate: Cu(CpH402) 5 o HoO 199,65 g/mole
3. Copper nitrate: Cu(N03)2 ° 3H2O 241 .54 g/mole
4. Copper sulphate: Cu8®4'5‘5H2@ 249;5 g/mole
5., Copper-tris-formalin solution: 4.0 grams copper
acetate, 50 ml of 37% formaldehyde and 46 grams

bris buffer,
Copper precipitation tests

The rate of catlionie precipitation at a concentra-
tion of 1.0 ppm was tested by pipetting 4.0 ml stock
solution into a 5 gallon glass aguarium containing 4.0
liters of fresh sea waﬁer} Copper sulphate was also tested
at a high @oneentration; 13 ppm, by pipebtting 52 ml of stoeck
copper sulphate solution into 4.0 liters of sea water. Eaeh
solution was tested in aguaria containing 860 grams of a
calcivm carbonate sand féllowéd by a parallel series of
tests in aquéria devoid of earbonate sand!_ Experiments were
oanducted over a 72 hour period exeept in the case of the
copper-tris-formalin solubtlen in which case tests were con-
ducted over a 120 hour period. Water samples were analyzed
at.the following intervals: 0 minutes, 30 minutes, 1,2, 3,
6, 9, 15, 21, 35, 46, 58, 72, and 120 hours.,
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Determination of cepper concentration

In the analysis of the copper concentrations deter-
minéd as ppm copper lion, two separate and distinet tests
were empleoyed. In each case a Bausch and Lomb Spectronie-20

colorimeter was used to measure the percent light trans-

mission.

Method 1.
The first methed employed was the Hach Cuprethol
powder technique described in the Hach Chemical
Corporation Manual on "Procedures for Water and
Sewage Analysis Using the Bausch and Lomb Spec-
tronic=20 Colorimeter." ’

Method 2.

The second method was the sodium diethyldithio=
carbamate method deseribed by Chow and Thompson
(1952) and Dempster (1955). A 50 ml sample of
sea water was placed in a 125 ml sepafatory
funnel teo which was added 5.0 nl of ammonium
ecitrate buffer pH 9.0-9.2, This solution was
mixed for 30 seconds. Exaeﬁiy 1.0 ml of sodium
diethyldithiocarbamate indicator was then added
and mixed for 30 seeconds. To this solution
exactly 10 ml of earbon tetrachloride was added
and shaken‘vigorously for three minutes. The

solution was then allowed to stand for 12 ninutes
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to attain phase separation. The denser carbon
tetrachloride layer was decanted inte a 0.5 inch
colorimetric tube and measured at a wave. length
of 435 millimierons. The percent light trans-
migsion was eénverbed to ppm copper by reference
to the calibratién graph constructed by
Dempster (1955)-

Results

In testes involving the precipitation rates of copper
salts of varying molecular ﬁeights in aquaria with and with-
out a ecaleareous sand substrate, a slight increase in copper
ion stability was detected with increasing molecular weight,
see Pigures 4 through 9, Copper chloride (170.52 g/mole) in
the presence of a ealcareous sand substrate, forms a preecip-
itate from sea water more rapidly than any other agent
tested. During the first 2 hour period e@ppér'ehloride
precipitated eonsiderably faster than the other cepper
salts, after which the preeipitation rate decreased mark-
edly. Copper aeetate'(199o65 g/mole) and copper nitrate
(241,54 g/mole) precipitated at approximately the same rate.
Copper sulphate (249.5 g/mole), the heaviest simple salt
tested was retained in solutién slightly_longer than the
other non-chelating agents. C@ppermtris=formalin prepars

ation had a significantly greater residualveffeet than any
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Fig. 4.— The comparative precipitation rate of a 1.0
ppm C*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+tx 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 Cud™ 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 agquaria with
only a glass substrate
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Pig. 8.— The comparative precipitation rate of a 1.0
ppm Cut 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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9«— The comparative precipitation rate of a 13.0
ppm CuttY solution of copper sulphate In sea water aquaria

containing a calcareous sand substrate and aquaria with
only a glass substrate
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of the simple metallic salts. The chelated coppér complex
was apparently chemically bonded in sueh a manner that the
carbonate preeipitation reaction and the adsorption of
copper on organie particles were partially inhibited.

The rapid removal of ionic copper from the aquaria
- eontaining a calecareous sand substrate as compared to a
glass substrate is illustrated in Figures 4 through 9.
Dempster (1955) pointed euﬁ that Qépper is rapidly precip-
itated from solution when excess guantities of carbon
dioxide or carbonates are present., Therefore, in any treat-
ment program it is desirable to treat the fish in clean,
nen-metallic tanks devoild of plants and/or calecareous
mabterials. i v

Hutehinson (1957) stated that lonle copper forms a
basic ecarbonate in hard waters. The basic copper carbonates
being quite inselubleg are precipitated as a bluish-white
floe which Nichols, Henkel, and MeNall (1946) considered to
be of somewhat variable compositiens Hutchinson (1957) has
postulated thaﬁ these precipitations might resemble
 malachite GuGGB ° Cu(CH)p and azurite 20uCog ° Gu(OH)2 » tEwWo
well deseribed basiec copper carbonates commonly found in
nature; however, the physical chemistry of the precipitates

has not been verified,



CHAPTER VI
CONCLUSIONS

A parasitic dinoflagellate of the Genus Qodinium,
resembling Qodinium oeellatum in every detall exeept being
smaller, has been shown to be indigenous in the upper Gulfl
of California. Mild infestations were present in native
gobiid fish, primarily Quistule guaggasiae; from the
estuaries at Cholla Bay, Sonérag Mexi@@s

The symptoms of oodiniosis Weie found to be
generally nanspecifieg paralleling the general symptoms of
anoxia and ectoparasitism by other irritating organisms.
The only @athogn@momie feature was a reddish mucoid_ secre-
tieon at the base of the peetoral and pelvie fins, whiech did
not become evident until the infestation was well estab-
lished. Diagnosis of ocodiniosis from the symptoms is
" possible; however, final diagnosis must be based on the
microscopiec examination of the tiésues and ﬁhe demonstration
of ﬁhe characteristic @ystsg Diagnostiec examination of
wabter samples for the free-swimming dinéflagellate sbage is
of guestlonable value as the dinoflagellate stage of
OQodinium closely resembles the non-parasitic dinoflagellate

Oxyrrhis marins.
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Several authors, notably Jacobs (1946) and Nigrelli
(1936) have reported that many fish are either moderately
resistant to oodiniosis, developling only mild infestations,
or after an initial infestation develop an asecguired
immunity. In every case Quietula guaymasise developed a
heavy, fatal infestation thus indicating that this species
possesses little if any resistance or immunity.

Treatment using dips of formalin, malachite green,
- and methylene blue proved to have no therapeutiec value.
Formalin was toxie 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 sueccessful in that they effected a
transitory decrease im the eyst ecount. It was suspected
that this deerease was due to detachment of many of the
cysts in the bath solution rather than actual cyst death
thereby accounting for the palliative aetion. If detachment
did ocecur this would account for the 100 percent survivai
for bath treatments of malachite green and methylene blue
while eens;derably lower survival rates were obtained in the
p@rmanent bath treatments.

Permanent bath trestments showed varying degrees of
‘suceess. Formalin treatﬁents at a low concentration (100

ppn) failled to cure ocodiniosis while a high coneentration
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(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 mmz. A falrly hilgh concentration of
0.5-0.7 ppm resulted in a complete cure. The copper-tris-
formalin preparation was not toxic to Quietula guaymasiae
at the concentrations and times employed.

Although the copper-tris-formalin solutlon héd a
high curative effect, its value as a general chemotherapeu-
tic agent for oodiniosis remains questionable. The Trizma
base and Trizma-HCL 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.} ppm as copper ion is the most econom-
lcal and practical method of treating infestations of
Oodinium occellatum.

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

preclipitation rate in the presence of a calcareous sand
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substrate was so rapid that treatment would be difficult
and would regquire continuous application of copper solution.
The cepper-tris-formalin preparation had thellgngest
residual effect retaining a sufficlent level of copper to be
of therapeutiec value even in the presence of a caleareous

sand substrate,
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