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ABSTRACT

Three chemical treatment regimes and a control (no chemical treatment) were
compared for efficacy in treating Florida largemouth bass Micropterus salmoides
floridanus eggs to prevent fungal infections and improve hatch rate. The chemical
treatments were 500 mg/L of formalin static bath for 60 min, 2,000 mg/L of formalin
flow-through bath for 15 min, and 500 mg/L of hydrogen peroxide static bath for 15 min.
These treatments were selected according to FDA guidelines. Eggs were treated and
hatched in McDonald jars, and fry were harvested prior to swim-up to determine hatch
rate. No significant differences in hatch rate were found among treated and untreated
eggs (P > 0.05). Thus, treatment of Florida largemouth bass eggs with formalin or
hydrogen peroxide to improve hatch rate may not be necessary under the conditions of
this study.




INTRODUCTION

The Saprolegniacea family of water mold, commonly referred to as fungus
{oomycetes), frequently attacks incubating eggs of many species of cultured freshwater
fish (Roberts 1989). The zoosporangia of Saprolegnia spp. are capable of discharging
large numbers of infectious zoospores into water, so the possibility of infecting eggs or
fish is continuous (Post 1987). While the possibility of infection is always present, most
epizootics occur when temperatures are lower than optimal for the fish species (Roberts
1989). Fungal infections attack unfertilized or dead eggs, but if left untreated would
spread over an entire egg mass and suffocate fertilized eggs to death (Post 1987; Stoskopf
1993; Hoffman 1999). Manual removal of affected eggs by handpicking or siphoning is
possible but inefficient and potentially damaging to developing embryos. Conversely,
chemical treatments are easy to administer and effective in controlling fungal infections
(Bailey and Jeffery 1989). Formalin and hydrogen peroxide are commonly used for -
prophylactic or therapeutic treatment of fungal infections in various life stages of fish
(Barnes et al. 2000; Barmnes et-al 1998; Froelich and Engelhardt 1996; Waterstrat and
Marking 1995; Wright 1976).

The A. E. Wood Fish Hatchery (AEWFH) staff observes a considerable amount
of fungus on Florida largemouth bass Micropterus salmoides floridanus eggs each
production season during egg incubation. The staff has used formalin for treating fungal
infections, and different treatment concentrations have been tried with mixed results that.
have been poorly documented. A static formalin treatment of 500 mg/L for 60 min was
determined anecdotally as effective in preventing fungal infections and has been the
standard treatment for Florida largemouth bass eggs. There are well-documented
examples of chemical control of fungal infections of salmonids eggs (e.g., Barnes et al.
2000; Barnes et al 1998; Waterstrat and Marking 1995; Wright 1976) but comparatively
little information exists for largernouth bass or other cultured warmwater fishes
(Gaikowski et al 1999; Rach et al 1997, Froelich and Engelhardt 1996).

Formalin has been used at concentrations of up to 10,000 mg/L for 15 min with
no obvious adverse effects on egg hatch rate or fry survival in largemouth bass (Wright
1976). Hydrogen peroxide at a concentration of 500 or 1,000 mg/L for 15 min daily was
effective in controlling fungal infections on eggs of salmonids that were intentionally
infected with Saprolegnia spp. before the treatments (Marking et al. 1994; Waterstrat and
Marking 1995). Marking et al. (1994) also reported that 500 or 1,000 mg/L of hydrogen
peroxide for 15 min improved the hatch rate of rainbow trout Oncorhynchus mykiss eggs
that were intentionally infected with Saprolegnia spp. before the treatment. However,
Barnes et al. (1998) reported that hydrogen peroxide concentrations of 250 and 500 mg/]
for 15 min were ineffective in controlling fungal growth on rainbow trout eggs under
normal hatchery conditions (i.e., with potentially naturally occurring fungal infections),
while 1,000 mg/L for 15 min was effective. Barnes et al. (1998) suggested that the
efficacy of hydrogen peroxide may be influenced by water quality and population levels
of Saprolegnia spp., so a treatment that works well at one location may not work as well
at another location.




Besides its effectiveness in controlling fungal infections on salmonid eggs,
hydrogen peroxide has the advantage of being non-carcinogenic, degrading into oxygen
and water, and thus of no environmental concern. Thus, assessing the efficacy of
hydrogen peroxide for fungus control at a warmwater facility is warranted. The New
Animal Drug Application (NADA) label approved by the Food and Drug Administration
(FDA) listed formalin as approved at certain concentrations and hydrogen peroxide as a
low regulatory priority drug for treatment of finfish eggs. The label for NADA 140-989
allows formalin treatments at concentrations of up to 250 mg/L for 1 h for finfish and
1,000-2,000 mg/L for 15 min for finfish eggs. Low regulatory priority drug guidelines
from the FDA allow the use of hydrogen peroxide at rates up to 500 mg/L for 1 h for
treating all species and life stages of finfish. The formalin treatment rate of 500 mg/L for
60 min used at the AEWFH does not follow the NADA label; instead, it is used under an
Investigational New Animal Drug (INAD) exemption. The objective of this study was to
determine which of three prophylactic chemical treatment regimes is effective against
fungal infections on Florida largemouth bass eggs while staying within FDA guidelines.
Effectiveness was measured by improved hatch rate.

MATERIALS AND METHODS

This experiment was performed at the AEWFH during the 2001 and 2002 Florida
largemouth bass production seasons (March through early June). The water source for
the hatchery is the upper San Marcos River, with typical mean water quality
characteristics as follows: temperature 21° C; pH 7.5; alkalinity 240 mg/L as CaCO3;
total hardness 193.5 mg/L as CaCO3. The river water is pumped into a 57,418-m’
storage reservoir, and then gravity fed into an incubation and raceway building. The
study was conducted in three trials. The experimental design for each trial consisted of a
control (no chemical treatment) and three chemical treatments, each with three to six
replicates depending on the trial. Treatment 1 received 500 mg/L of formalin static bath
for 60 min, treatment 2 received 2,000 mg/L of formalin flow-through bath for 15 min,
and treatment 3 received 500-mg/L of hydrogen peroxide static bath for 15 min.
Treatment concentrations were prepared from hydrogen peroxide of 50% active
ingredient and formalin of 100% active ingredient as Parasite-S. Treatment dose
verification was performed for the hydrogen peroxide treatments during the 2001 trials
and for the formalin treatments in 2002. The dosages were 507 mg/L for the 500 mg/L of
hydrogen peroxide, 534 mg/L for the 500 mg/L of formalin, and 1991 mg/L for 2,000
mg/L of formalin.

Eggs for the study were spawned on Spawn-Tex‘ mats in indoor raceways. One
egg mass from one female (spawn), large enough to provide 10,000-12,000 eggs, was
-selected for each trial. The mat with the selected spawn was soaked in a pH-adjusted
1.5% sodium sulfite solution for 30-45 seconds to loosen the eggs. The eggs were then
removed from the mat with a gentle stream of fresh water and placed in a 6.5-L
McDonald hatching jar for the eggs to water-harden. For the first two trials, eggs were
allowed to water-harden for 24 h prior to being enumnerated into the experimental
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McDonald jars using an electronic egg counter. Eggs were counted into 12 groups of
1,000 eggs each. The egg counter was checked for proper calibration by counting a
known number of eggs. For the third trial, the eggs were counted by hand after water
hardening for 24 h into 24 groups of 20 eggs each.

The McDonald jars for the study were cleaned with detergent and thoroughly
rinsed with water, then placed on an incubation rack with a common head-box as the
source of water. Water was allowed to flow through the jars at rates of about 2.5-3.0
L/min for two to three days before the study was started. All jars were provided with
screens to prevent loss of eggs or fry and small air stones to provide oxygenation to
ensure that dissolved oxygen levels were > 5 mg/L. Jars were randomly assigned to the
control and chemical treatments. To apply treatments, water flows through the jars were
turned off and 2-3 L of the water in each jar was removed by siphoning to allow room for
the treatment solution. For each of treatments 1 and 3 replicates, the appropriate amount
of chemical required to achieve the target concentration was measured into a 200-mL
beaker; water was added to dilute it and then poured into the designated jar. The beaker
was rinsed with water and emptied into the jar. Water was added into each jar to achieve
the desired treatment concentration for the static bath. The eggs were then transferred
into the treatment jars. For treatment 2, a flow-through bath, the eggs were placed in the
jars and then a previously prepared 2,000 mg/L of formalin solution was delivered into
the jars from an overhead reservoir. The reservoir delivered a flow to the jars at a rate
that resulted in a solution exchange of 7.5 L for the 15-min treatment. Immediately -
following application of the hydrogen peroxide treatment, some eggs floated to the
surface of the treatment solution and attached to the screens. This was found to be due to
tiny air bubbles that adhered to the eggs. The eggs were gently tapped with a feather to
dislodge the air bubbles to allow the eggs to sink. At the end of each treatment period,
water flows into replicate jars were returned to 2.5-3.0 L/min to keep the eggs gently
rolling to avoid suffocation. The eggs hatched in 36 h, and 48 h later the fry were
enumerated with the electronic counter and percent hatch was calculated for each jar.

Water temperature, pH, and dissolved oxygen were monitored twice daily. The
egg hatch rate and water quality data were analyzed using ANOVA of SYSTAT (SPSS,
Inc. 2001), and differences in mean values were considered significant at P < 0.05.

RESULTS AND DISCUSSION

There were no significant differences in hatch rate among treatments and the
control (P = 0.06; Figure 1), and none of the chemical treatments completely prevented
growth of fungus. Fungus and dead eggs were observed in all jars; however, neither was
quantified. Water quality was consistent among treatments and the control in each trial
due to the use of a common headbox as the source of water for all the jars, although there
was some variability in water quality among trials (Table 1). Temperatures ranged from
22.2 to 25.9° C, dissolved oxygen ranged from 7.7 to 9.4 mg/L, and pH ranged from 7.8
1o 8.1. Water quality variables were within ranges considered suitable for the spawning
of largemouth bass (Piper et al. 1983) and did not seem to have affected the results.



Dose verifications of the hydrogen peroxide and formalin solutions were
performed once in each case during the study. The dose verification revealed a
concentration of 507 mg/L of hydrogen peroxide for the 500-mg/L treatment (i.e., 0. 01%
stronger), 534 mg/L of formalin for the 500-mg/L treatment (i.e., 0.06 % stronger), and
1,991 mg/L of formalin for the 2,000-mg/L treatment (i.e., 0.005 % weaker). The
hydrogen peroxide treatment dosage was within the range of accuracy (= 5%) for the
standard test, whereas the dosage for the 500 mg/L of formalin treatment was just outside
that range. The 2,000-mg/L of formalin was a flow-through treatment and the dosage
concentration may have been diluted during the treatment as suggested by Rach et al.
(2000). Dose verifications are not commonly reported for studies investigating fungal
control with chemicals. The differences between targeted and achieved concentrations in
this study demonstrate the usefulness of dose verification in determining the reliability of
study results, as well as to allow comparison of different study results.

The results of this study revealed that treatment of Florida largemouth bass eggs
did not significantly improve hatch rate (Table 2) and suggested that such treatments may
be uynnecessary. These results are similar to those of several previous studies (Table 3).
Barnes et al. (1998) reported that prophylactic treatments using 250-1,000 mg/L of
hydrogen peroxide and 1,667 mg/L of formalin were ineffective in preventing fungal
growth on rainbow trout Oncorhynchus mykiss eyed eggs. However, they found that
therapeutic treatments using hydrogen peroxide at 250, 500, and 1,000 mg/L and
formalin at 1,667 mg/L. on rainbow trout eyed-eggs were effective in improving hatch
rate. Froelich and Engelhardt (1996), studying a strain of common carp Cyprinus carpio,
found no significant differences in hatch rates between the untreated control and
prophylactic treatments with 250 mg/L and 1,000 mg/L of formalin at temperatures of
23-26°C. Waterstrat et al. (1995) found prophylactic formalin treatments to be effective
in preventing fungal growth without affecting the hatch rate of Chinook salmon
Oncorhynchus tshawvtscha.

High hatch rates of eggs incubated at colder temperatures may be more an
indication of light fungus populations in the incubation waters than successful
prophylactic chemical treatments. Hatch rates in cold incubation waters have been high
for several fish species in several studies (e.g., Marking et al 1994, 1998; Waterstrat et al.
1995; Schreier et al.1996; Barnes et al. 2000), and usually these hatch rates did not
significantly differ between prophylactically treated eggs and untreated eggs. Marking et
al. (1994) found hatch rates of infected verse uninfected eggs that were therapeutically
treated with formalin or hydrogen peroxide to exceed 83% regardless of the degree of
infection. However, the hatch rate for uninfected and untreated eggs was atso 83%
(Marking et al. 1994), suggesting that the treatment was ineffective. Barnes et al. (1998)
in a study using a mean temperature of 11°C found hatch rates of 40.6-30.2% among
prophylactic treatments using formalin and hydrogen peroxide, but without a true control
it is difficult to determine if these treatments were effective.

Barnes et al. (2000) found yearly differences in the efficacy of formalin during a
multi-year study involving rainbow trout eggs and attributed those differences to



broodfish age, spawning frequency, and sample size. They also concluded that egg
quality negated the influence of formalin and hypothesized that larger eggs with
consequently greater outer egg membrane thickness may provide more resistance to
degradation or infection (Barnes et al. 2000). This hypothesis appears to be supported by
other authors (e.g., Millenbach 1950; Buss and McCreary 1960; Pitman 1979) and if this
is true then treatments may differ among eggs of different sizes. Historically at the
AEWFH, as broodfish grows older, egg quality appears to increase because hatch rate
increases. It seems probable that egg quality is an important factor in hatching success;
however, we did not see improvement in hatch rates over the two years of this study. It
appears from the present study that prophylactic treatment of Florida largemouth bass
eggs for fungal infections within FDA guidelines under the conditions in this study,
where the eggs were allowed to gently roll in the incubation jars, may be unwarranted.



LITERATURE CITED

APHA (American Public Health Association), American Water Works Association and
Water Pollution Control Federation. 1985. Standard methods for the examination
of water and wastewater. 16™ edition. American Public Health Association,
Washington, D.C. :

Bailey, T. A., and S. M. Jeffery. 1989. Evaluation 215 candidate fungicides for use in
fish culture. U.S. Fish and Wildlife. Service Investigations in Fish Control 99.

Barnes, M. E., K. Wintersteen, W. A. Sayler, and R. J. Cordes. 2000. Use of formalin
during incubation of rainbow trout eyed eggs. North American Journal of
Aquaculture 62:54-59.

Barnes, M. E., D. E. Ewing, R. J. Cordes, and G. L. Young. 1998. Observations on
hydrogen peroxide control of Saproiegnia spp. during rainbow trout egg
incubation. Progressive Fish-Culturist 60:67-70.

Buss, K., and R. McCreary. 1960. A comparison of egg production of hatchery-reared
brook, brown, and rainbow trout. Progressive Fish-Culturist 22:7-10.

Froelich, S. L., and T._ E. Engelhardt. 1996. Comparative effects of formalin and salt
treatments on hatch rate of kot carp eggs. Progressive Fish-Culturist. 58:209-211.

Gaikowski, M. P., J. J. Rach, and R. T. Ramsey. 1999. Acute toxicity of hydrogen
peroxide treatments to selected life stages of cold-, cool-, and warmwater fish.
Agquaculture 178:191-207.

Hoffman, G. L. 1999. Parasites of North American fresh water fishes. 2™ edition.
Cornell University Press. Ithaca, New York.

Jackson, U. T. 1979. Controlled spawning of largemouth bass. Progressive Fish-
Culturist 41:90-95.

Marking, L. L., J. J. Rach, and T. M. Scheier. 1994. Evaluation of antifungal agents for
fish culture. Progressive Fish-Culturist 56:225-231.

Millenbach, C. 1950. Rainbow broodstock selection and observations on its application
to fisheries management. Progressive Fish-Culturist 121:51-152.

Piper, R. G, L. B. McElwain, L. E. Orme, J. P. McCraren, L. G. Fowler, and J. R.
Leonard. 1983. Fish Hatchery Management. United States Department of the
Interior. Fish and Wildlife Service, Washington D.C.

Pitman, R. W. 1979. Effects of female age and egg size on growth and mortality in
' rainbow trout. Progressive Fish-Culturist 41:202-204.



Post, G. 1987. Textbook of fish health, revised and expanded edition. T.F.H.
Publications, Inc. Neptune City, New Jersey.

Rach, J. R,, G. E. Howe, and T. M. Schreier. 1997. Safety of formalin treatments on
warm- and coolwater fish eggs. Aquaculture 149:183-191.

Rach, R. E. and R. T. Ramsey. 2000. Analytical verification of waterborne chemical
treatment regimens in hatchery raceways. North American Journal of
Aquaculture 62:60-66.

Roberts, R. J. 1989. Fish Pathology, 2" edition. Bailliere Tindall. Philadelphia, PA.

Schreier, T. M., J. R. Rach, and G. E. Rowe. 1996. Efficacy of formalin, hydrogen
peroxide, and sodium chloride on fungal-infected rainbow trout eggs. '
Aquaculture 140:323-331.

SPSS Science. 2001. SYSTAT version 9, SPSS Science, Inc., Chicago, Hlinois.

Stoskopf, M. K. 1993. Fish medicine. W.B. Saunders Company. Philadelphia, PA.

Waterstrat, P. R., and L. L. Marking. 1995. Clinical evaluatiori of formalin, hydrogen

peroxide, and sodium chloride for the treatment of Saprolegnia parasitica fall
Chinook salmon eggs. Progressive Fish-Culturist 57:287-291.

Wright, L. D. 1976. .Effect of malachite green and formalin on the survival of
largemouth bass eggs and fry. Progressive Fish-Culturist 38:155-157.



10 0 81 10 60 9] as
8L L8 6'S2 6L I'6 §'2T ueaul [[eI2AQ
(8°L-8L) (88-1'8) (z9z~L'$T) (Z8—-LL) (96-1+'8) (Lez—L10)
8L L'8 6'ST 6L 1'6 $'TT €
(€8-92%) (z8—81%) (§62—-L€D) (1'8-0%) (08-¢L) (£67-8+0)
8 8 ST '8 LL 1T 4
(1'g-92) ©01-9°L) OvT-L07) (g8—-¢L) (811-8L) (L €2- 00
8 S’ €T 6L v e I
(yBur) (71/8ur)
usdAxo (Do) uag4Axo )
Hd PIAJOSSIpP arnjeraduwdy Hd PaAJOSSIp amjeraduus)
uoouIy Yy uoouIRyVy UooUI)JY Fuiopw Buiulo Furnrop el

sseq yinowabliel epioj4 s}eqnou 0] pasn Jajem auy) 10}

‘sBfa sy} Bunean 1o} suonnos [eaiwsayo sredaid 16 sbba
sajgenea Ajlenb Jajem Jo (sessyualed ul sebuel) senea uealy | ajgel



Table 2. Mean percent hatch of Florida largemouth bass eggs subjected to three chemical
treatments and a control {no chemical treatment) and incubated in McDonald hatching jars receiving
a common scurce of water. Chemical treatments were 500 mg/L of formalin static bath for 60 min,
2,000 mg/L of formalin flow-through bath for 15 min, and 500 mg/L of hydrogen peroxide static bath
for 15 min. No significant differences in hatch rates among treatments and the control (P > 0.5)

Control
(no chemical Formalin Formalin Hydrogen peroxide
Trial treatment) 500 mg/L 2,000 mg/L 500 mg/L
1 71.4 583 56.9 44.6
_ (68.1-75.1) (48.4 - 65.5) (38.9 - 80.3) (29.5 - 54.8)
2 .66.2 73.8 70 68.2
(44.9 - 84.7) (57.4 -99.5) (51.6 - 88.7) (61.8 - 88.7)
3 783 65 65 33.7
(65.0 - 90.0) (50.0-75.0) (50.0 - 80.0) (25.0-40.0)
Overall mean 71.9 63.7 63.9 48.8
SD 0.13 0.14 0.17 0.18
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Figure 1. Mean hatch rates for three chemical treatments and a control to inhibit fungal
infections on Florida largemouth bass eggs (N =48, P = 0.06). The 500F represents 500
mg/L of formalin static bath for 60 min; the 2000F represents 2,000 mg/L of formalin
flow-through bath for 15 min; the SO0HP represents 500 mg/L of hydrogen peroxide
static bath for 15 min; and the control represents no chemical treatment. No significant
differences in hatch rate among chemical treatments and control.
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