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Abstract

Daily 15-minute treatments of formalin at 1667 mg/L are typically used to prevent water
mold infestations in coolwater fish eggs. This study evaluated the use of a reduced
concentration of 834 mg/L during yellow perch Perca flavescens egg incubation until the
eyed stage of egg development. No water mold was observed on the perch eggs using either
formalin treatment regime. Median survival to the eyed stage of egg development was not
significantly different between the treatments and approached 90%. There was also no
significant difference in egg survival to hatch. In addition, fry length at hatching, although
relatively short overall, was not significantly different between the formalin treatment
concentrations. The results of this study indicate that reducing daily 15-minute formalin
concentration from 1667 to 834 mg/L during yellow perch egg incubation will not affect
survival through hatch or larval length at hatching.
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1. Introduction

Water molds (fungi) of the family Saprolegniaceae, such as Saprolegnia diclina, are
ubiquitous in freshwater and commonly infect fish eggs during hatchery incubation (Piper et
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al., 1982). Daily prophylactic treatments with formalin have proven to be effective at
inhibiting fungal (water mold) growth (Soupir & Barnes, 2006; Rach et al., 1997). Fungal
infestations can become particularly problematic towards the end of yellow perch Perca
flavescens egg incubation (Hart et al., 2006).

The results from experiments with formalin treatments on incubating percid eggs are far from
uniform. Although Abd El-Gawad et al. (2015) and Hart et al. (2006) observed positive
effects from treating perch eggs with relatively low formalin concentrations, Soupir and
Barnes (2006) reported that formalin concentrations lower than 1667 mg/L resulted in
reduced walleye (Sander vitreus) egg survival during hatchery incubation. However, formalin
tolerance varies by species (Rach et al., 1997) and the use of concentrations greater than 1000
mg/L for 15 min may reduce yellow perch egg survival (Abd EI-Gawad et al., 2015). Some of
the inconsistency with these results is likely due to differences in incubation water chemistry
(Barnes et al., 2004).

In South Dakota, yellow perch are a highly sought-after sportfish (Longmire, 2019) and
inconsistent natural recruitment in lakes has led to increased requests of hatchery-reared fish
for supplemental stockings (Brown and St. Sauver, 2002). Historically, virulent water mold
populations have required daily, 15-minunte formalin treatments of 1667 mg/L during egg
incubation at Blue Dog State Fish Hatchery near Waubay, South Dakota, USA. However, the
use of a lower formalin concentration has not been investigated for yellow perch and recent
results indicate that concentrations greater than 1000 mg/L can reduce their egg survival (Abd
El-Gawad et al., 2015). Thus, the objective of this study was to compare the effects of a
reduced formalin concentration of 834 mg/L with the established standard of 1667 mg/L
throughout yellow perch egg incubation on egg survival, hatching rate, fry length, and water
mold control.

2. Materials and Methods
2.1 Initial Egg Incubation

Newly fertilized yellow perch eggs from Oakwood Lakes (Brookings County, South Dakota,
USA) were received at Blue Dog Lake State Fish Hatchery on April 15, 2015. Eggs were
divided into 20, 100-mL samples, with each sample placed into an individual incubation tray
(Flex-a-lite Consolidated, Tacoma, Washington, USA). Groups of five trays were vertically
stacked, resulting in a total of four stacks. Each stack was a discrete flow through system.
Formalin (Parasite-S; 37% formaldehyde; Western Chemical, Inc., Ferndale, Washington,
USA) was applied using a peristaltic pump (Thermo Fisher Scientific, Barrington, Illinois,
USA) daily for 15 min until the eggs became eyed. Two stacks received formalin at 834 mg/L
and two stacks received formalin at 1667 mg/L. More than one stack was used per treatment
to address potential stack variability. Each treatment was replicated ten times (n =10) with the
experimental unit being an individual tray. Each stack received 20.4 L/minute of filtered well
water (temperature = 9.8 <C; total hardness = 506 mg/L CaCQOs; alkalinity = 264 mg/L
CaCOs; pH = 7.5; total dissolved solids = 612 mg/L).



ISSN 2168-9148

\\ Macrothi“k Aquatic Science and Technology
A InStitute " 2020, Vol. 8, No. 1

2.2 Determination of Egg Survival to Eyed Stage

On April 29 at the eyed-stage of egg development, a transparent, 12-equal-square numbered
grid the size of the incubation tray was placed in each tray. Egg samples varying from 1.3 to
3.9 grams were removed from four randomly selected grid-squares per tray. All eggs in the
samples were identified as either viable or dead, and egg viability for an individual tray
(replicate) was determined by taking the mean survival of the four samples. Because
eyed-egg survival data failed the Kolmogorov-Smirnov test for normality (P < 0.10), a
nonparametric Mann-Whitney U test was used to compare survival between the treatments.
Significance was predetermined at P < 0.05.

2.3 Egg Incubation to Hatch

On April 30th, 1.9 to 3.2 g samples of presumably viable eyed eggs were removed from two
trays (one per stack) of each treatment (n=2). These eyed egg samples were placed on
artificial vegetation in 3.78-L buckets filled with 2.0-L of filtered well water (9.8 <C) and four
buckets were used for each treatment. Artificial vegetation was used in place of natural so
that the vegetation did not have to be periodically exchanged due to decomposition that may
have also lowered dissolved oxygen concentrations. Data was averaged between buckets that
contained eggs from the same tray, so that the experimental unit remained consistent
(incubation tray). The number of fry that hatched along with water temperature and dissolved
oxygen measurements were recorded daily. The water temperature in the buckets increased
from 9.8 to 16 <C during each 24-hour period, before returning 9.8 <C to begin the next
24-hour period. Dissolved oxygen ranged from 7.2 and 8.8 mg/L in all replicates.

2.4 Determination of Survival to Hatch

Hatched perch fry were collected by transferring the vegetation from the bucket to a
temporary holding bucket containing filtered well water at the same temperature. The water
from the study bucket was then poured through a brine shrimp net, to collect the fry.
Immediately after collection, the fry were preserved in a 10% formalin solution. At a later
date, all fry were counted, with a maximum of 10 from each daily sample measured for total
length to the nearest 0.1 mm. The study bucket was then refilled with filtered well water with
the vegetation from the holding bucket returned. Any fry that hatched in the holding bucket
were included in the daily fry count. After four days, hatching was complete and a small
number of eyed eggs had expired in each bucket. The number of expired eggs was summed
with the number of hatched fry to determine the beginning number of eyed eggs for each
bucket. Because of the small sample size (n=2) and associated risk of violating the
assumption of normality, a non-parametric Mann-Whitney U test was used to test for
differences in cumulative hatching percentages and fry length with significance set at P =
0.05.

3. Results

Survival to the eyed stage of egg development was not significantly different between the
formalin concentrations (Mann-Whitney U test stat = 0.910, df = 1, P = 0.910; Table 1). Eyed
egg survival was nearly 90% for both formalin treatments. There was also no significant
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difference between the formalin treatments in hatching rates, which were over 98% for both
formalin concentrations. The cumulative percent of hatched fry did not differ significantly at
any date. Hatching started in both treatments on incubation day 17 and was completed by
incubation day 20 (Table 2).

Table 1. Survival to the eyed stage of development of yellow perch eggs receiving daily,
15-minute formalin treatments at either 834 or 1 667 mg/L

Egg Survival
Formalin Concentration (mg/L) Median Minimum Maximum
834 89.2 55.0 95.7
1667 88.6 74.1 97.3

Table 2. Cumulative hatching percentages of yellow perch eggs that had previously been
treated with daily, 15-minute formalin treatments at either 834 or 1 667 mg/L until the eyed
stage of development, Incubation day is the number of days from the start of incubation

Hatch (%)

Formalin (mg/L) Day 17 Day 18 Day 19 Day 20
834 Median 11.8 39.3 68.0 98.5
Range 0.0-235 37.0-415 66.5 - 69.5 98.0-99.0
1667 Median 27.3 61.8 75.5 99.0
Range 18.0-36.5 485-75.0 63.5-87.5 98.0 - 100.0

No significant differences were observed in the total length of hatched fry between
concentrations at any date. Fry total lengths ranged from 3.9 to 4.9 mm and appeared to
increase as incubation time increased (Table 3). Approximately 75% of the hatched fry in the
834 mg/L treatment, and 40% in the 1 667 mg/L treatment, were less than 4.5 mm. The
longest fry at hatching were observed on the final day in both treatments.

Table 3. Fry total length (mm) from yellow perch eggs that were treated with daily, 15-minute
formalin treatments at either 834 or 1 667 mg/L until the eyed stage of development.
Incubation day is the number of days from the start of incubation

Length (mm)

Formalin (mg/L) Day 17 Day 18 Day 19 Day 20
834 Median 4.1 4.4 4.7 4.9
Range 41-41 43-44 46-4.8 48-5.0
1667 Median 3.9 4.1 4.2 4.7
Range 39-39 40-4.1 4.2-42 46-4.7
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4. Discussion

The results of this study showing no decrease in survival associated with the highest formalin
concentration differ from those seen by Abd El-Gawad et al. (2015). They reported that daily,
15-min 1000 mg/L formalin treatments significantly decreased yellow perch egg survival
compared to lowered formalin concentrations of 250 and 500 mg/L. However, the Abd
El-Gawad et al. (2015) study used higher water temperatures (15.6 to 17.5 <C), than the 11 <C
used in this study. Higher water temperatures increase formalin toxicity (Piper et al., 1982).
Formalin concentrations of greater than 500 mg/L have also been shown to increase fish egg
incubation times (Akpoilih & Adebayo, 2010; Abd El-Gawad et al., 2015). However, no
differences in hatching times between formalin treatment concentrations in this study were
observed. This may be because no concentrations below 500 mg/L were used. The relatively
low incubation water temperature of 11<C may also have negated any possible formalin
effects on the duration of egg incubation.

Yellow perch total length at hatching has been reported to range from 4.5 and 7.0 mm
(Mansueti, 1964; Hokanson & Kleiner, 1974; Clady, 1976; Ney, 1978). In this study, a large
percentage of hatched fry were shorter than 4.5 mm. This could be because the fry were
preserved in formalin prior to measurement, which can result in reduced total lengths
(Nordeide, 2019). The use of formalin or other preservatives in other studies documenting
larval yellow perch length (Mansueti, 1964; Hokanson & Kleiner, 1974; Clady, 1976; Ney,
1978) is unknown. Other possible explanations for the reduced size of larval perch observed
in this study include maternal characteristics (Heyer at al., 2001; Raventos & Planes, 2008),
possible premature hatching due to physically moving the eggs (Hokanson & Kleiner, 1974),
and potential formalin toxicity during the early stages of yellow perch development (Abd
El-Gawad et al., 2015). Because both starvation and predation of larval fishes are size
dependent (Miller et al., 1988), subsequent survival of larval yellow perch with reduced size
may be reduced. Also, with both formalin treatment concentrations used in this study, fry
length was positively related to hatching time, suggesting that earlier hatched fry must
undergo more development prior to first feeding in comparison to later hatched fry (Jordaan,
2002).

The egg survival and hatching rates reported in this study are comparable to that reported by
Hart et al. (2006). They noted that yellow perch hatching rates routinely exceed 70%. With
survival to the eyed stage of egg development nearly 90%, and with over 98% of the eyed
eggs hatching, egg survival in this study was much greater than 70%.

Because both formalin treatment concentrations used in this study controlled fungal growth,
using only 834 mg/L instead of 1667 mg/L would reduce chemical costs, decrease the risk to
worker health (Marking et al., 1994; Voorhees & Barnes, 2016), and reduce potentially
problematic formalin discharges into hatchery effluents (Masters, 2004). Formalin treatment
concentrations of 834 mg/L have also been effective during the incubation of other percid
eggs (Soupir & Barnes 2006). Barnes and Soupir (2007) were also able to reduce formalin
treatment concentrations from 1667 mg/L to 1000 mg/L during rainbow trout Oncorhynchus
mykiss egg incubation with no impact on fungal growth or egg survival.
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The lower formalin concentration of 834 mg/L used in this study is also beneficial because
the hatched perch fry were longer, although the small sample size makes definitive statements
on the relationship between formalin and fry length difficult to state. Further experimentation
with more replication and an assessment of fry quality is obviously needed. In addition,
additional research is needed to determine the range of actual perch fry lengths, taking into
consideration the impacts of preservation on length measurements. Lastly, other formalin
treatment concentrations and treatment regimens on yellow perch eggs warrant further
consideration, given the negative impacts of formalin use on yellow perch survival reported
by Abd El-Gawad et al. (2015).

5. Conclusions

The results of this study indicate that formalin treatment concentrations can be reduced from
the standard 1 667 mg/L without any negative effects of yellow perch egg survival, while still
controlling fungal growth. In addition, decreased formalin treatment concentrations may also
be beneficial, if, as this study suggests, they do lead to the hatching of longer fry. Lastly,
reductions in formalin usage by using lower concentrations provides both occupational health
and environmental benefits.
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