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Sport Fish Restoration Program 

Wildlife and Sport Fish Restoration 

The Wildlife and Sport Fish Restoration Program (WSFR), managed by 
the U.S. Fish and Wildlife Service (USFWS), is one of the most 
successful conservation efforts in our nation’s history. This program 
provides funding used to benefit fish and wildlife resources while 
enhancing recreational fishing and hunting opportunities across the 
country. Funding for the program is derived from a portion of the sale 
of motorboat and small engine fuels, as well as equipment purchased 
by anglers, boaters, hunters, archers, and recreational shooters. 

Funds collected go to federal accounts used specifically for wildlife and sport fish conservation. The 
USFWS redistributes the funds to states based on the number of residents, licensed recreational anglers, 
and hunters, as well as the land and water areas of the state. When states receive funding, they are 
required to make a 25% matching contribution to the grant funds. In Florida, these federal funds are 
managed by the FWC. 

How do you participate? 

Every time you purchase fishing equipment or fuel for your 
boat, you are contributing to fisheries conservation. Even 
better, the small contribution you make with each purchase 
translates into millions of dollars toward restoration and 
management of fisheries each year. In fact, with your help, 
Florida receives approximately $14 million annually to support 
both freshwater and saltwater fisheries’ resources. It is a user 
pay, public benefit cycle of success. 

These public benefits are increased fishing and boating 
opportunities in Florida. SFR funding contributes to enhancing 
and improving the diverse natural resources, which provides 
the public with a variety of opportunities. Since the program 
began, SFR has provided nearly $500 million to the states for 
thousands of individual projects.  

Florida receives about $6.5 million annually for saltwater programs and projects. This funding is used to 
support aquatic education and outreach programs, marine fisheries research and management, artificial 
reefs and boating access improvement projects.  

For more information on the Sport Fish Restoration Program, visit MyFWC.com/SFR.  

https://myfwc.com/fishing/sport-fish-restoration/


mailto:Gina.Russo@MyFWC.com
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Aquaculture and Stock Enhancement 

What is Aquaculture? 
 
The general definition includes the breeding, rearing, and harvesting of plants and animals in all types of 
water environments, marine or freshwater. Aquaculture is a method used to produce food and other 
commercial products, restore habitat, and replenish wild stocks. 
 
Aquaculture can be used to:   
 
 Raise fish and shellfish for direct human consumption 
 Produce ornamental fish for the aquarium trade 
 Support commercial and recreational marine fisheries  
 Enhance or rebuild wild stock populations 

What is Stock Enhancement? 

Rearing fish or invertebrates in a hatchery and releasing them into the wild to 
increase the natural supply of fish and optimize harvest by overcoming 
recruitment limitations that may otherwise impact the abundance of fish stocks. 

Stocking hatchery fish can be used to: 

 Replenish depleted fish stocks threatened by extinction (habitat loss, overfishing, etc.) 
 Replace fish lost due to natural occurrences, such as cold kills, red tide, and hurricanes 
 Increase fishing opportunities  

Intensive Aquaculture is the rearing of fish using Recirculating Aquaculture Systems (RAS). 

 
• Provides total biological control of egg and larval 

rearing process. 
• A high percentage of water is reused, which 

reduces water consumption. 
• Water quality is sheltered from rainfall, pollution, 

and other external influences such as pathogens. 
• Smaller “footprint” by reducing land requirements 

and need to be close to shoreline. 
 

Extensive Aquaculture is the rearing of fish in ponds or 
tanks using raw or minimally processed water. 
 

• Little to no biological control and more susceptible to 
weather conditions, bird predation, and introduction of disease by pathogens. 

• Increased water consumption. 
• Larger overall “footprint” requiring a large amount of land to rear fish.  

Stock enhancement is a 
method used to 
replenish wild fish stocks 
and rebuild populations 
of threatened and 
endangered species. 
 

A FISHERIES 
MANAGEMENT TOOL 

 
Intensive vs Extensive Aquaculture 
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Designing a Recirculating Aquaculture System  

 
Recirculating Aquaculture Systems (RAS) 

Recirculating aquaculture systems are usually indoor, tank-
based systems which allow fish to be grown under 
controlled environmental conditions. They can be used in 
marine or freshwater environments where suitable land or 
water is limited. 

This is a closed loop system that includes one or several 
adjoining tanks and biofiltration to remove solids and filter 
water before returning treated water back to system. 

Recirculating Aquaculture Systems Components 

A basic RAS includes many components, such as fish grow out tanks, pumps to move water, mechanical 
and biological filters to remove waste products, and aeration devices. Other system components may 
include disinfection (ultraviolet light (UV), ozone), tank heaters, automatic feeders, degassers, and 
system and water quality monitoring devices. 
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Tanks 

Aquaculture tanks vary in shape and size, ranging from smooth, round tanks to rectangular vault style 
tanks, to glass or acrylic aquariums. 

Round and rectangular tanks can be manufactured using polyethylene (plastics) or fiberglass and can 
have either a flat bottom or sloping bottom design. The sloping design is better for removing waste at 
the bottom through a drain and ensures aeration is evenly distributed. However, flat bottom tanks are 
less expensive, can be moved more easily, and work well if adequate aeration and circulation is 
maintained. Round or circular tanks with central drains are easier to clean and circulate water than 
rectangular. 

Glass and acrylic aquaria are great for indoor classrooms where space is limited and 
can be used to grow-out smaller sized fish. Glass aquaria in the 10, 20, and 55-gallon 
ranges can be very useful for setting up research experiments and grading out 
(selection by size range) smaller fish. 

Vault style tanks are usually made from concrete and are commonly used outdoors to 
grow fish and for aquaponics systems. 

Water Supply 

The water in the system is recirculated through tanks and a series of water treatments to remove 
ammonia and other waste products. Maintaining an adequate supply of clean, treated seawater free of 
pollutants is essential for growing healthy fish. Water taken from deep water wells and springs is by far 
the best source, but municipal water can also be used once the chlorine, fluoride, and other chemicals 
are removed using water conditioners or mechanical devices, such as carbon filters. 

A recirculating system recycles and reuses most of their water, but some water must be added 
periodically to accommodate water lost due to evaporation and to replace water used to flush out 
waste. Typically, 5-10% of water is replaced daily. 

Events such as overfeeding, mortality, and system (pump or filter) malfunctions, may result in high 
waste levels, low oxygen levels, or poor water clarity, and require additional water exchanges. 

The required quantity of water needed to grow fish varies with the species of fish selected and the size 
of the culture system. Replacement water should always be made, stored, and ready to use at any given 
time. 

Vault style tanks at 
Sickles High School 
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Pump 

A mechanical pump, much like a pool pump, is used to circulate water and maintain water 
quality. Pumps are used to pull water from the tank and to push it through the filters and 
other equipment in the system, before bringing clean, treated water back to the tank. 

Filters 

In simple recirculating systems, water may be treated by two processes: mechanical filtration 
(to remove solids, such as fecal matter, uneaten feeds, etc.) and biological filtration (to remove 
dissolved toxic wastes, such as ammonia). 

Mechanical filters are crucial for removing suspended solids and preventing poor 
water quality. They can be gravity fed (drum filters and clarifiers) or pressurized 
(sand and bead filters). Bead filters are commonly used because they are self-
cleaning, while sand filters require frequent backwashes and cleaning to 
maintain water quality. Canister filters and sump boxes (clarifier tank) with pads, 
balls, or screens also help to remove waste products.  

Biological Filters use nitrifying bacteria, Nitrosomonas and Nitrobacter, to 
convert toxic ammonia from food and fish waste (urine and feces) in the water 
to nitrite (Nitrosomonas), and then to nitrate (Nitrobacter), which is relatively 
harmless to the fish. A biofilter can be a wheel, barrel, or box that contains 

porous material (media) that allows water to pass through. This media can be made from a variety of 
materials, including plastic, glass, metal, concrete, or other nontoxic substances. A simple garbage can 
with small plastic beads can also be used with a circulating pump. 

The size of the biofilter directly relates to the number of fish that can be reared in the system safely. 
A biofilter must provide sufficient surface area for the colonization (attachment) of the nitrifying 
bacteria. A large surface area will support bacterial populations at densities adequate to reduce the load 
of waste products (ammonia) in the water. 

Aeration 

Supplying sufficient oxygen to sustain healthy fish and bacterial populations is 
critical. Atmospheric oxygen can be added to the tanks by surface agitation with 
aerators or by large blowers. Aerators pump compressed air to air diffusers,  
which produce small bubbles that add oxygen and remove carbon dioxide while 
continually circulating the water. 

Other system components 

Depending on your location and the species you are planning on raising, you should 
consider including other components, such as disinfection devices (UV sterilizers, ozone), protein 
skimmers (also known as foam fractionators), and temperature control devices (heaters and chillers). 

Pond or Tank Aerator 

Mechanical Bead 
Filter 

Water Pump 
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 Ultraviolet (UV) Sterilization and Ozonation is used to disinfect the water, remove
pathogens,  and support biological and mechanical filtration.

 Protein skimmers, also known as foam fractionators, are another type of mechanical
filter that removes fine solids.

 Temperature control devices such as heaters and chillers are helpful for maintaining 
fish health and to promote fish growth.

Species Selection 

The design of your recirculating aquaculture system will depend on the specific requirements 
of the species you want to culture. It can be used to culture freshwater, saltwater, or other 
aquatic animals. (See References: SRAC Fact Sheets) 

Designing Your Own RAS 

If you would like to construct and build your own aquaculture system, we recommend reading 
“Constructing a Simple and Inexpensive Recirculating Aquaculture System (RAS) for Classroom Use” 
(See References: SRAC Publication No. 4501). Example of a typical RAS (below). 

University of Florida, IFAS-Tropical Aquaculture Lab 

UV Sterilizer 

Tank Heater 
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Aquaculture Systems – Fish Farm I & II

The Mini Fish Farm™ is a complete recirculating aquaculture system for growing fish, as well as other 
aquatic animals and plants. It uses biofiltration and clarifying devices to filter, treat, and reuse water. 
These backyard fish culture systems are commonly used in Aquaponics to grow plants and vegetables in 
addition to fish. 

The Mini Fish Farm™ is designed for both low energy and low water usage. It is a 
simple system, especially designed for the beginner in aquaculture. 

Mini Fish Farm™ I 

The entire system can fit in a 6 foot x 8 foot area, contains a total of 500 gallons 
(1,890 liters) of water, and supports up to 100 pounds of fish, making overall size 
and weight minimal. The polyethylene tank can be placed on almost any flat, level 
surface capable of holding the weight of 4,800 pounds of water. 

Maintenance is simple and only requires a minimum of two 5-gallon buckets of 
water to be removed and replaced per day.  

Mini Fish Farm™ II 

This system is comprised of two culture tanks that have a capacity of 450 gallons (1,703 liters) of water 
and can support up to 150 pounds of fish each. Site selection could include a garage, patio, or any other 
surface that can support the weight of 1,000 gallons of water (8,340 pounds), 300 pounds of fish, and 
additional equipment necessary to support the Fish Farm. 

Aquaponics is a system 
of aquaculture where 
the waste from farmed 
fish is used to supply 
nutrients to plants that 
in turn filter and clean 
the water going back to 
fish culture tank. 

AQUAPONICS 
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Classroom Set-up 

What system is right for you? 

There is a large cost involved in setting up and running a recirculating aquaculture system (RAS), 
therefore much consideration must be given to several factors, such as species of fish, water supply, and 
classroom or outdoor space, to design a system that will fit your needs and capabilities. 

Aquariums vs Aquaculture systems 

Many teachers are limited in classroom space and do not have 
outdoor areas or greenhouses to raise fish. In these cases, small 10, 
20, 50, 100 and even 500-gallon aquariums can be used to raise and 
maintain fish in smaller numbers. Small fish tanks can be placed on 
counter tops, while larger fish tanks may require tank stands to hold 
the weight of tank, water, and fish. 

Although aquarium style culture tanks do require additional 
maintenance and water exchanges, there are some benefits of rearing 

fish in tanks vs recirculating systems: 

 Less expensive overall
 Space requirements are flexible
 Temperature is controlled indoors
 Simple over the tank or canister filters can be used
 Daily monitoring of fish in classroom
 Used to run small-scale experiments

Aquaculture systems like the Mini Fish Farm™ may have an upfront cost, 
but your investment is well spent. These small-scale aquaculture 
systems can be used to raise larger numbers of fish year-round and 
require less maintenance than standard aquaria tank set-ups. 

Though these systems may have their own challenges, such as equipment failure 
(pumps and filters), there are many benefits to rearing fish in recirculating aquaculture systems: 

 Less water usage and exchanges
 Easier to maintain water quality
 Grow larger number and size of fish
 System can be indoors or outdoor
 Students learn how to maintain mechanical pumps and filters
 Ability to use aquaponics to raise plants or other aquatic animals

Dowdell Middle Magnet 

Mini Fish Farm™ I 
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Freshwater vs Saltwater 

Choosing whether to dive into raising a saltwater species takes some consideration and will depend on 
the teacher’s comfort level and experience. For beginners starting an Aquaculture in the Classroom 
program, raising a hardy freshwater species, such as tilapia is the smart choice to get your feet wet. 

Running a freshwater aquaculture system is less expensive, and the water supply is more easily 
manageable and is accessible by water hose or spigot. Saltwater systems are more expensive as they 
require the purchase of sea salts to make water or the purchase of pre-made 
seawater, as well as the storage of saltwater onsite. Saltwater systems may also 
require more cleaning and maintenance of pumps and equipment as saltwater can 
corrode metals. Students must thoroughly rinse and clean equipment with 
freshwater regularly. 

When first filling the tank, make sure to test your source water for chlorine and 
chloramines, which are commonly used to disinfect city drinking water. You can 
neutralize the chlorine by adding a concentrated conditioner or sodium 
thiosulfate to the water, using a carbon filter, or by aerating the water.  

Seawater Supply 

Seawater is artificially made by adding a scientifically blended salt mix of sea salt 
to treated freshwater and mixing it to a desired salinity following the 
manufacturer’s instructions. The salinity, or salt content, of seawater is measured 
in units of parts per thousand (ppt) and can be measured by using a refractometer 
or hydrometer. It is not recommended to use raw seawater pulled from an 
estuary, lagoon, or ocean as this water may contain fish diseases, parasites, 
pesticides, and other pollutants that may harm fish. 

Water Quality Instruments 

Every classroom should have a way to monitor basic water quality parameters such as temperature, 
ammonia (NH3), and pH, as these are used to monitor the health of the fish in tanks or culture system. A 
simple thermometer can be used to check temperature, and a water quality test 
kit is a good way to test for ammonia (NH3) and nitrite (NO2-), as well as pH. Test 
kits provide an adequate level of accuracy and are relatively inexpensive. They 
also come with safety datasheets and step-by-step instructions, so no chemistry 
knowledge is required. 

Other water quality instruments include handheld meters 
or probes that can monitor additional water quality 
parameters, such as Dissolved Oxygen (DO), in addition to 
salinity, temperature, ammonia (NH3), and Nitrite (NO2-). 
Water quality meters are more expensive but are fast and convenient. 

CAUTION! 
Chlorine kills fish. 
Make sure to test 
your water source 

for chlorine and 
chloramines before 

stocking fish. 

Refractometer 

Water Quality Test Kit 

Water Quality Meter 
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Starting Your Biofilter 

A biofilter is started or “seeded” by adding bacteria (Nitrosomonas and Nitrobacter) to the system. 
These nitrifying bacteria accumulate on the biofilter media and colonize it. The bacteria that accumulate 
on the filter are naturally present in the air and in the water of the culture system, but complete 
colonization of the biofilter is dependent on several environmental conditions, such as temperature, and 
may take several weeks or more typically at least one month (i.e., the cooler the water temperature, the 
longer it will take for the bacteria to accumulate.). (See Reference: SRAC Publication No. 4502-How to 
Start a Biofilter)  
 
There are several ways to acclimate or “seed” the biofilter: 
 

• Use specially selected strains of bacteria that are commercially available 
and sold as “bacteria starter”. (e.g., Proline, Quick Start, FritZyme) 

• If available, use water or biofilter media containing bacteria from another 
“healthy” established system.  

• Use other ammonia producing aquatic animals to “start” the nitrification 
process.  

• If tank is not stocked with “starter animals”, you may add small quantities 
of household ammonia (non-detergent) 23 mg/L.  

 

Biofilter Media 

The Nitrogen Cycle 
 
The nitrogen cycle begins when decaying food and 
fish waste produces ammonia, which is very toxic 
to fish and in high doses can cause mortality. 
Fortunately, ammonia is "food" for nitrifying 
bacteria, which are present in water. 

Nitrification refers to the bacterial conversion of 
ammonia (NH3) to less toxic nitrites (NO2-), and 
finally to least toxic nitrates (NO3-). The process 
requires a suitable surface on which the bacteria 
can grow (biofilter media), continuous flow of 
tank water through the biofilter, and maintaining 
normal water temperatures and good water 
quality. 
 
To keep nitrate levels safe for your fish, you’ll 
need to filter your aquarium water and change a 
portion of it regularly. 
 
 

 

Illustration: PetSmart 

https://www.petco.com/shop/en/petcostore/category/fish/fish-tank-filtration/fish-tank-filters
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Rearing Fish in the Classroom 

Stocking your fish 

 

The number of fish that you can safely stock into a tank or culture 
system depends on several factors including the volume of water, 
biofilter capacity, and the species and size of fish you are rearing. 

Stocking density is the measurement typically used for stocking 
fish by biomass in a given volume of water. With a recirculating 
aquaculture system you can grow fish at a higher biomass, but the 
system must be designed to handle the fish feed input and be 
able to maintain optimal water quality parameters.  

A common rule for beginners is “one inch of fish per gallon of water” or “one inch of fish per square foot 
of surface area”. Although this might be easy to calculate, it’s only useful for smaller sized fish. As fish 
grow and get larger, the amount of fish feed needed and ammonia produced increases, which can 
compromise water quality and health of the fish, unless properly managed. 

Table 1 displays the recommended number of fish that could initially be stocked at start up. However, 
daily observation of fish and water quality monitoring is required to maintain the appropriate number of 
fish over time. In the event carrying capacity has been reached, teachers can grade (selection by size 
range) their fish and separate them into other tank systems. 

Table 1: Estimated Size and Number of Hatchery Redfish Per Gallon of Water 

Number of fish by size (inches) and volume (Gallons).  

Number of 
fish by size 

Gallons Grams/ 
Liter 

Pounds/
Gallon 10 20 55 100 250 500 1000 

1 - 2 inch 6 10 20 50 150 250 350 0.5 0.004 
3 - 4 inch 4 6 15 25 100 150 200 1.2 0.01 
5 - 6 inch 2 4 10 20 50 75 100 2.3 0.02 

6 - 10 inch 0 2 4 10 35 50 75 1.8 0.01 
10+ inches 0 0 1 3 7 10 15 0.4 0.003 

Crystal Lake Middle School 
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Measuring your fish 

A simple way to measure your fish is by using a 6 or 12-inch ruler that measures in millimeters (mm)* or 
centimeters (cm)*, which is commonly used in the scientific community. 

*One inch is equal to 25.4 mm or 2.54 cm.

Using wet gloved hands, students can gently place each fish individually on the ruler with nose at zero 
(0). Students should work quickly and carefully to protect the health of the fish. Fish can be measured in 
three ways: (See Appendix: Fish Length Measurements) 

 Total length - tip of the nose to tip of the tail, with the tail pinched.
 Fork length - tip of the nose to center of the fork in the tail.
 Standard Length - tip of the nose to base of the tail called the caudal peduncle.

Weighing your fish 

Fish weight is another important part of monitoring the health and growth of your fish and can be used 
to calculate feeding ratios. A small digital scale that measures in grams with a 
disposible plastic weigh dish or a plastic bowl will help you accuraltely weigh 
each individual fish. 

Students can take these basic steps: 

1) Place empty weigh dish or bowl onto the scale.
2) TARE scale to read 0.00 g.
3) Place fish in weigh dish (no water). If there is noticeable water,

TARE the scale again without the fish.
4) Record the weight of that fish on a datasheet.
5) Work quickly and carefully to maintain the health of the fish.

Digital Scale & Weigh Dish 
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Water Quality Parameters 

Poor water quality can lead to fish stress, abnormal growth, and disease. You should have a good 
general knowledge of the principles of water chemistry parameters such as temperature, pH, ammonia, 
nitrites, nitrates, and dissolved oxygen. 

It is recommended to monitor water quality daily and to record temperature, oxygen, pH, ammonia, and 
nitrite levels. (See Appendix). Water quality data can be useful to identify problems before they occur. 
Suggested ranges for juvenile red drum are total ammonia nitrogen (TAN) level <0.5 mg/L (Table 3). 

Table 3. Culture environmental water quality parameters and target level with respect to measurement 
unit for red drum. DO: dissolved oxygen, Temp: temperature, Sal: salinity, Alk: alkalinity, TAN: total 
ammonia nitrogen, NO2-N: nitrite-nitrogen, NO3-N: nitrate-nitrogen. 

Parameter Target Level 
Measurement 

Unit Reference 
DO 5-10 | 60-110 mg/L | % sat Henny et al (1995); Noga (2010) 

Temp 26-28±1 | 78.8-82.4 ⁰C | °F Henny et al (1995); Noga (2010); Sink (2020) 

pH 7.3-8.2 Henny et al (1995); Benetti et al (2008); Noga (2010); Sink (2020) 

Sal 11-32 ppt Henny et al (1995); Sink (2020) 

Alk 130-200 mg/L Pfeiffer and Willis (2009) 

TAN < 0.5 mg/L Henny et al (1995); Noga (2010) 

NO2-N < 2.0 mg/L Noga (2010) 

NO3-N < 20 mg/L Noga (2010) 

Dissolved Oxygen (DO): 

Just like people, fish need oxygen to breathe. Oxygen can enter the water naturally by absorption of 
oxygen from the air or be produced by plants or algae through photosynthesis. The amount of oxygen 
present in water is less than that of the air we breathe, and if not maintained, can affect the survival and 
overall health of your fish. Dissolved oxygen (the amount of oxygen present in water) is measured in 
milligrams per liter of water (mg/l), parts per million (ppm), or % saturation. 

In a closed aquaculture system, an additional aeration device should be used to maintain DO levels and 
increase if needed. An aeration device delivers compressed air to air diffusers, which produce small 
bubbles that add oxygen and remove carbon dioxide while circulating the water. If the oxygen level 
becomes low, stop feeding until DO comes back up to a safe level. 

Note: Acceptable DO range to raise red drum fingerlings is 5-10ppm, or 60-100% saturation (closer to 
100% the better). 
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 Pentair-Fish Farm Instruction Manual 

The Water Quality Tolerance chart above measures the un-ionized ammonia in water at different pH 
levels and temperatures. To determine toxic levels, measure total ammonia, pH, and temperature of the 
fish culture water. Find the percentage of toxic ammonia at the measured pH and temperature from the 
chart. Move the decimal of the percentage two places to the left and multiply this value by the value 
measured for total ammonia. (See example below) 

Example: Water is measured at pH 8.0 and temperature 86 °F. 

The chart indicates that the toxic NH3 is 8% of the total ammonia levels. If total ammonia levels are 
measured at 0.18 ppm, the un-ionized portion is 0.18 x 0.08 = .014 ppm. If the toxicity of the un-ionized 
ammonia (NH3) is considered detrimental at levels above 0.03 ppm (for your species) then 0.014 should 
not be dangerous to the fish. 

Nitrite (NO2-): 

Nitrite (NO2-) is the intermediate product of biological nitrification resulting from the oxidation of 
ammonia by Nitrosomonas bacteria. Nitrite is a toxic waste product found during the early stages of 
filter acclimation or following overfeeding. The nitrite is oxidized by Nitrobacter bacteria, which also 
grow on the biofilter, changing it to nitrate (NO3-), which is least toxic to fish. 

Nitrate (NO3-): 

Nitrate is the end-product of nitrification and is less harmful to fish than ammonia and nitrite. Therefore, 
it can be allowed to accumulate in the tank and can serve as food for aquatic plants and algae. Safe 
nitrate levels in a saltwater system are no more than 20 ppm. 
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 pH (potential of hydrogen): 

The pH of water is a measure of its hydrogen ion (H+) concentration. It 
measures how acidic or basic the water is and ranges from 0-14, with 7 
being ‘neutral’. A pH of less than 7 is considered ‘acidic’, while a pH of 
more than 7 is considered alkaline' or ‘basic’. Fish may be able to 
tolerate a wide range of pH levels, but the specific pH recommended for 
your tank may depend on the species you are rearing. 

pH must always be monitored to ensure its balance. If pH is low for 
saltwater (below 7.5), it can be increased by adding sodium bicarbonate. 
Conversely, if pH is too high (above 8.4), it can be lowered by the 
addition of hydrochloric acid (also known as muriatic acid). Always 
change pH levels slowly to avoid shocking fish. 

Note: Saltwater systems should generally be kept between a pH of 7.5 
and 8.3.  

Alkalinity: 

Alkalinity is the buffering capacity of a substance, which is its ability to 
resist changes in pH. It is a measure of the quantity of compounds that 
shift the pH to be more basic. This measure is mostly influenced by 
bicarbonates, carbonates, and hydroxides. Alkalinity is important 
because it buffers (slows rate of reaction) pH changes that occur 
naturally during photosynthetic cycles and pH changes that are caused 
by other factors, such as the addition of acid. Alkalinity can be increased 
by adding sodium bicarbonate. 

Note: Total alkalinity for most fish species range between 50–200 ppm 
CaCO3. (calcium carbonate). 

Hardness: 

Hardness is a measure of dissolved metallic ions (mainly calcium (Ca++) and magnesium (Mg++) in water 
and is commonly measured in mg/L (ppm) or grains per gallon (multiply grains per gallon x 14.2 to get 
ppm). Hardness is generally classified as soft, moderately hard, hard and very hard depending on the 
total amount of calcium carbonate present in water. 

Note: The hardness of water for most fish species should also range between 200-400 ppm CaCO3 
(calcium carbonate). 

pH Chart: USGS.gov 
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To make seawater, use prepared salt mix products such as Instant Ocean, that are free of nitrates and 
phosphates. Always follow mixing instructions carefully. A 60-pound (27.2kg) box of sea salt will typically 
produce 200 gallons of treated seawater. 

Aquaculture Biosecurity 

Pathogens, such as viruses, bacteria, and fungi, can cause diseases that may 
spread and infect your fish in many ways. Pathogens are introduced by people, 
through contaminated surfaces and equipment, and through water and the air 
itself. Follow proper biosecurity protocols to prevent the introduction of these 
pathogens and reduce the spread to other fish or animals. 

To minimize the risk of spreading infectious diseases, follow these basic 
biosecurity procedures: 

1) Rinse and disinfect all tank equipment and supplies prior to stocking.
2) Freshwater dip fish for 5 minutes prior to stocking. Only do this with

marine species.
3) Wash hands before and after handling fish.
4) Rinse nets, hoses, buckets, and pumps after every use.
5) Designate one set of tank maintenance supplies for each tank, do not use across multiple tanks.
6) Use nitrile gloves when handling fish, fish food, or when working in or around the tank and

filters including when using a water quality instrument.
7) Adopt a 30- day quarantine procedure for all new fish entering the system. Make sure fish are

alert and active before adding them to tank with other fish.

Consists of best 
practices that 
minimize the risk 
of introducing 
infectious disease 
and spreading it. 

BIOSECURITY 



https://fisheries.org/policy-media/science-guidelines/guidelines-for-the-use-of-fishes-in-research/
https://fisheries.org/policy-media/science-guidelines/guidelines-for-the-use-of-fishes-in-research/
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At the End of the School Year 

Teachers will assess the fish at the end of the school year to determine the success of their Aquaculture 
in the Classroom program. The FWC program coordinator will follow up to get a fish count and average 
size to determine the next course of action. Fish will either be returned to the hatchery or relocated to 
another school or educational facility. Schools have the option to maintain 
their fish for long-term grow-out (see below). 

Fish Assessment – Teachers will take a final count (how many fish are left) of 
their fish and estimate their average size and growth at that time. 

Relocation Procedures – Fish are returned to the FWC’s Marine Stock 
Enhancement Center or partner facility. If a new home has been established, 
the teacher and the FWC program coordinator will work together to deliver 
fish to that location. 

Long Term Grow-Out – Teachers with recirculating aquaculture 
systems have the option of keeping their fish over the summer and 
into the next school year. Once the fish reach a harvestable size (12-
18 inches) they can be relocated or donated with FWC approval. 

Donation Procedure – ALL fish donations must be approved by the 
FWC program coordinator. Schools with culinary programs have the 
option of harvesting and donating their fish for education. If fish are 
large enough to be processed as food, they can be donated to a 
non-profit organization (e.g., Salvation Army) upon FWC approval. 

REMEMBER! 
The fish raised in the 

classroom CANNOT BE 
RELEASED into the wild! 

Hatchery reared Red drum at 
Forest Grove Middle School 
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Glossary of Terms 

Management: 

Carrying Capacity – The maximum numbers of organisms of a particular species that an ecosystem can 
support over time. 

Genetics – The processes associated with how traits and characteristics of an organism are passed to the 
next generation.  

Habitat – The environment in which a particular species lives. A habitat must provide the right 
environmental conditions, food, and in many cases shelter, for a species to live.   
 
Imperiled Species – Any species that meet criteria to be listed as endangered or threatened and are at 
risk of becoming extinct due to habitat loss, pollution, overexploitation and climate change. 
 
Overfished – Refers to a fish population that has becomes so small due to fishing that the spawning 
population cannot maintain the population at the current rate of harvest. A change in management is 
required to increase and protect the spawning members needed to rebuild and maintain the population.  
 
Overfishing – Occurs when the rate of harvest by fisherman is higher than the population’s natural 
replenishment rate. 
 
Population genetics –The study of the differences in genetics within and among populations. 
 
Recruitment – The number of fish surviving to become part of the reproducing stock.  
 
Stock – A population of a fish species that is distinguishable from another or other groups of the same 
type of fish. A stock can be based on genetic relationships, geographic distributions, and movement 
patterns. 

 
Stock Enhancement: 
 
Aquaculture – Growing (culture) organisms, such as algae, aquatic plants, and aquatic animals (other 
than mammals) in water (aqua). Aquaculture can be in fresh, saltwater, or brackish water. 

Aquaponics – The combination of aquaculture of aquatic animals (other than mammals) with either 
aquatic plants or in a symbiotic environment. Plants and algae use animal waste, such as ammonia, for 
nutrients, and plants remove harmful fish waste from the environment, while producing beneficial 
oxygen for the animals.  
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Extensive Aquaculture – The aquaculture of organisms in ponds, tanks or raceways with ample amount 
of physical space for the organisms and with limited control of environmental and physical conditions.  

Hatchery – This is a facility where the reproduction, hatching, and early growth of aquaculture 
organisms occurs. 

Intensive Aquaculture – Aquaculture of organisms in tanks or ponds with high stocking levels that can 
be controlled better than in extensive aquaculture. Intensive aquaculture requires effort to supplement 
and control resources, such as oxygen, water filtration, and to control water temperature. Attention to 
the environment and rearing of the organisms is intensive. 

Pathogen – any organism (bacterium, virus, microorganism) that can cause a disease. 

Rearing – The act of caring for and growing animals in a protected environment. 

Recirculating Aquaculture Systems (RAS) – A closed aquaculture system that uses water filtration and 
pumps to reuse water often with, environmental controls to maintain control over the quality of the 
environmental conditions in intensive aquaculture. 

Stocking – Releasing aquacultured fish or other aquatic organisms into the wild or a manmade water 
body including tanks and ponds. 
  
Stock Enhancement – The practice of releasing aquacultured organisms into the wild to help 
supplement, restore, maintain, or rebuild a stock of fish (or other aquatic organism) that is or was 
experiencing overfishing, or does not have sufficient resources including habitat to allow for enough 
young fish to survive or recruit into the population. A responsible stock enhancement program uses 
practices to prevent loss of genetic variability and disease transmission in wild populations.  
 
Fish Behavior: 

Foraging – Active searching for food.  

Schooling – Swimming in a condensed group of individuals to avoid predators, spawn, forage, or to hunt 
for prey.   

Spawning – The act where animals broadcast or deposit gametes into the environment in a manner that 
facilitates fertilization. 

Life Stages:  

Adult – The fully developed and reproductively capable stage of an organism. 

Broodstock – The parent organisms used in aquaculture.  

Egg – An embryo encased by a rigid protective cover. 

Fertilization – The joining of the male and female gametes to form an embryo.  
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Fingerling – Refers to a fish that has reached the stage with fins and protective scales have covered the 
body. At this stage, the fish is typically about the size of a human finger.   

Gamete – The reproductive cell of an organism.  

Juvenile – Intermediate stage of an organism between the larval and sub-adult form, which has most of 
the external features as the adult stage but are not reproductive. The juvenile stage can last from 
months to several years. 

Larvae – The early life stage of marine fish and invertebrates that does not resemble the adult form. 
Over a period of days to months larvae slowly change into a juvenile fish during a process called 
metamorphosis.  

Oocyte – The female gamete.  

Sperm – The male gamete. 

Sub-adult – A large juvenile organism that is indistinguishable from the adult in appearance but has not 
yet developed reproductive capability.  

Water Quality: 

Aeration – The action of forcing air directly into water using a physical device, such as an air pump or 
paddle wheel, to increase the dissolved oxygen in water, to mix the water, and to release carbon 
dioxide. 

Alkalinity – The chemical component of water that resists changes (“buffers”) in pH.  

Ammonia – A colorless, compound made up of Nitrogen and Hydrogen (NH3). It is primarily produced 
by anaerobic decay of plant and animal matter, including animal waste, and occurs naturally. 

Bacteria – A diverse group of microscopic, single-celled organisms that inhabit all habitats on the planet, 
including on and within other living organisms. 

Biological filter (“Biofilter”) – A filter that provides a large surface area to host nitrifying bacteria, which 
help prevent the accumulation of toxic ammonia and nitrite. 

Buffers – pH buffers are chemicals, such as carbonate, which prevent large variations in pH levels.  

Dissolved Oxygen (DO) – Dissolved oxygen (DO) is a measure of how much oxygen is dissolved in the 
water.  

Mechanical Filter – A filter that is used to remove solid particles from the water.  

Nitrifying bacteria – Nitrifying bacteria convert ammonia (the toxic waste excreted by aquatic 
organisms) into less toxic nitrite and further into least toxic nitrate.  
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pH – A measure of the concentration of hydrogen ions present in water. pH is measured on a scale of 0 
to 14 with 7 being pH neutral, less than 7 pH is acidic, and greater than 7 pH is basic. pH of seawater is 
typically 7.2-8.3 and is important to maintain to keep fish healthy. 

Salinity – A measure of dissolved salts in water. It is usually measured in parts per thousand (ppt). 

TAN – The total ammonia nitrogen (TAN) refers to the combined concentration of un-ionized ammonia 
(NH3) and ammonia ions (NH4+) in a water sample. 

Temperature – A measurement of the heat in water. It is measured in degrees Celsius or Fahrenheit. 

Water Quality – A term used in aquaculture that encompasses a suite of measurable characteristics or 
parameters, such as dissolved oxygen, pH, ammonia, alkalinity, salinity, and temperature. 

Fish Rearing: 

Acclimate – The process of gradually introducing a fish to new water conditions, from one water body to 
another.  

Biomass – Total weight of fish in a tank, pond, or other body of water. 

Biosecurity – Procedures to prevent introduction and spread of pathogens. 

Feed Conversion Ratio (FCR) – Indicator of feed efficiency, the amount of food divided by the weight 
gain of the fish. 

Stocking Density – The fish biomass stocked into a volume of water. Density or biomass is measured by 
kilograms or pounds per volume (liters) after the stocking has occurred and will increase as fish grow.  

Grade – Selection of fish by size length increments. 

Experimental Design: 

Hypothesis – Educated guess about what will happen in your experiment.  

Explanatory Variable – The variable that is manipulated or observed in an experiment. Also called the 
independent variable, the input. 

Response Variable – The variable that changes in response to the explanatory variable. Also called the 
dependent variable, the output. 
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Fish Anatomy and Morphology  
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GLOSSARY 
Anal Fin – The median fin on the midventral line behind the anus 

Bar – A short, straight color mark, oriented vertically unless otherwise stated. 

Barbel – A fleshy sensory appendage on the head, usually on the snout, around the mouth or on the chin. 

Caudal Fin – The median fin at the rear end of the body. 

Caudal Peduncle – The rear, usually slender, part of the body between the caudal fin base and the base of the last 
dorsal- and anal-fin rays. 

Dorsal Fin – The median fin located on the back. First Dorsal fin has sharp bony spines and second dorsal fin has 
jointed soft rods to support the fin. 

Gill Cover (Operculum) – The various bones which cover the gills and open and close at the rear during respiration. 

Gill Rakers – Structures which project forward from the gill arches, like the teeth of a comb. Very fine to coarse in 
appearance based on what the fish eats. 

Isthmus – The triangular, front most part of the underside of the body; largely separated from the head, in most 
bony fishes, by the gill opening 

Lateral Line – A canal along the body filled with sensory organs that detect pressure changes. 

Ocellus – An eyespot in which the central color is bordered by a ring of another color, which is also different from 
the adjacent body color or fin. 

Pectoral Fins – A pair of fins generally located in the shoulder region of the fish 

Pelvic Fins – A pair of fins on the lower part of the body around the pelvic girdle. These fins can vary in their 
placement on the body in different fish species. 

Ray – One of the supporting elements, soft or spiny, in a fin. 

Snout – Portion of the head in front of the eyes and above the month. 

Tail – The portion of the body behind the anus 
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DACS: Funding Sources for School Aquaculture Projects 
 

Funding Sources & Grant Opportunities 

Aquaculture projects may be funded by existing program budgets in the school system (including 
science, vocational, and Future Farmers of America), school fundraisers, donations, aquaculture product 
sales, and/or grants. 

 

Grant Opportunities 

• Department of Agriculture and Consumer Services: Teacher Resources 
https://www.fdacs.gov/Education/Aquaculture-Educator-Resources 

• Florida Farm Bureau Ag Tag: https://floridafarmbureau.org/education-outreach/#tab1 
• Florida Agriculture in the Classroom: https://faitc.org/ 
• Food Nutrition and Wellness Grants: https://www.fdacs.gov/Business-Services/Grant-

Opportunities/Food-Nutrition-and-Wellness-Grants 
• Tampa Bay Estuary Mini Grant: https://tbep.org/our-work/restoration-research/bay-mini-

grants/ 
• Wildlife Foundation of Florida: https://wildlifeflorida.org/wff_grants/ 
• National Oceanographic and Atmospheric Administration: https://www.noaa.gov/office-

education/elp/grants 
• Grants Alert: https://www.rfpmatchondemand.com/grantsalert/ 

 

Grant Tips 

• Don’t just wait for that one large grant that could fund your entire program. Look for smaller 
grant opportunities to help build your program step by step. 

• Be sure to follow all application specifications listed by the grantors, which may include margin 
sizes, font sizes, etc. 

• In your grant application, clearly explain how your project meets the goals of the granting 
agency, not just your own goals. 

• Be concise but include pertinent detailed information, including budgets, timelines and 
supporting research. 

• When calculating matching funds, include any volunteer hours that will be provided by students, 
teaching staff, outside help, etc. 

• Take pictures throughout your project to send to your grantors. Evidence of previous successes 
may help when seeking support in the future. 

• If at first you don’t succeed, try, try again! If your project is rejected initially, ask for reviewer 
comments to see how to improve next time. 

 

https://www.fdacs.gov/Education/Aquaculture-Educator-Resources
https://floridafarmbureau.org/education-outreach/#tab1
https://faitc.org/
https://www.fdacs.gov/Business-Services/Grant-Opportunities/Food-Nutrition-and-Wellness-Grants
https://www.fdacs.gov/Business-Services/Grant-Opportunities/Food-Nutrition-and-Wellness-Grants
https://tbep.org/our-work/restoration-research/bay-mini-grants/
https://tbep.org/our-work/restoration-research/bay-mini-grants/
https://wildlifeflorida.org/wff_grants/
https://www.noaa.gov/office-education/elp/grants
https://www.noaa.gov/office-education/elp/grants
https://www.rfpmatchondemand.com/grantsalert/
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Fish Feed Vendors 

 

Florida Tropical Fish Farmers Assoc./Coop 
7002 E Broadway Ave. 
Tampa, FL 33619 
(813) 620-2094 
www.ftffacoop.com  
ftffacoop@tampabay.rr.com  
Contact: Jason Carusso 

Reed Mariculture Inc. 
900 E Hamilton Ave, Suite 100 
Campbell, CA 95008 
(877)-732-3276  
(408)-377-1065  
www.reedmariculture.com 
sales@reedmariculture.com  

Pentair/Aquatic Eco-Systems, Inc. 
2395 Apopka Blvd. 
Apopka, FL 32703 
(877) 347-4788 
(407) 886-3939 
www.pentairaes.com  
AES@AquaticEco.com  

Bio Oregon 
15 Saunders Way Ste. 500 – E 
Westbrook, ME 04092 
(877) 221-2429  
(207) 591-7077 
www.bio-oregon.com  
east.sales@bio-oregon.com 

Purina Animal Nutrition, LLC 
4001 Lexington Ave. N 
Arden Hills, MN  55126 
(800) 227-8941 
www.purinamills.com  

Zeigler Bros, Inc. 
400 Gardners Station Road 
Gardners, PA 17324 
(800) 841-6800 
(717) 677-6181 
www.zeiglerfeed.com  
info@zeiglerfeed.com 

Amazon 
www.amazon.com  

Pet Smart 
www.petsmart.com/  

Tractor Supply 
www.tractorsupply.com  

Pet Supermarket 
www.petsupermarket.com  

The Pond Outlet 
www.thepondoutlet.com  

Chewy 
www.chewy.com  

 

 

 

 

 

 

 

http://www.ftffacoop.com/
mailto:ftffacoop@tampabay.rr.com
http://www.reedmariculture.com/
mailto:sales@reedmariculture.com
http://www.pentairaes.com/
mailto:AES@AquaticEco.com
http://www.bio-oregon.com/
mailto:east.sales@bio-oregon.com
http://www.purinamills.com/
http://www.zeiglerfeed.com/
mailto:info@zeiglerfeed.com
http://www.amazon.com/
http://www.petsmart.com/
http://www.tractorsupply.com/
http://www.petsupermarket.com/
http://www.thepondoutlet.com/
http://www.chewy.com/
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Fiberglass and Plastic Tank Vendors 

 

Dolphin Fiberglass Products, Inc. 
161 SW 4th Avenue 
Homestead, FL 33030 
(305) 247-1748 
(305) 247-8750 Fax 
dolphinfbg@aol.com 
www.aquaculturetanks.com 
 

Duracast Products, Inc. 
16160 Hwy 27 
Lake Wales, FL 33859 
(863) 638-3200 
(863) 683-4116 Toll free 
(863) 638-2443 Fax 
 SalesService@duracast.com 
www.duracast.com    

Pentair/Aquatic Eco-Systems, Inc. 
2395 Apopka Blvd. 
Apopka, FL 32703 
(407) 886-3939 
(877) 347-4788 Toll free 
(407) 886-6787 Fax 
PAES.General@Pentair.com  
www.pentairaes.com/  

Kemco Systems Inc. 
11500 47th St. North 
Clearwater, FL 33762 
(800) 633-7055 Toll free 
(727) 573-2323 
(727) 573-2346 Fax 
Info@Kemcosystems.com  
www.kemcosytems.com 

Red Ewald 
2669 South Highway 181 
Karnes City, TX 78118 
(830) 780-3304 
(830) 780-4272 Fax 
kvaughan@redewald.com  
www.redewald.com    

Aquatic Equipment and Design 
18981 US Highway 441 #329 
Mount Dora, FL 32757 
(407) 995-6490 
info@aquaticed.com 
www.aquaticed.com 

Gemini Fiberglass – Oceans Designs 
40 Wooten Rd STE 104 
Colorado Springs, CO 80915 
(719)896-4782 
www.oceans-design.com  

The Tank Depot 
(866) 391-0816 Toll Free 
www.tank-depot.com/ 

Hydro Composites, LLC 
2230 Highway 87 East 
Stockdale, TX 78160 
(830) 996-0020 
(830) 996-3145 
info@hydrocomposites.com 
www.hydrocomposites.com  

 

 

mailto:dolphinfbg@aol.com
http://www.aquaculturetanks.com/
mailto:SalesService@duracast.com
http://www.duracast.com/
mailto:PAES.General@Pentair.com
http://www.pentairaes.com/
mailto:Info@Kemcosystems.com
http://www.kemcosytems.com/
mailto:kvaughan@redewald.com
http://www.redewald.com/
http://www.oceans-design.com/
http://www.tank-depot.com/
mailto:info@hydrocomposites.com
http://www.hydrocomposites.com/
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FWC Partners in Aquaculture 

 
  
Duke Energy 
Crystal River Mariculture Center 
15760 W. Power Line St. 
Crystal River, FL  34428 
Contact: Eric Latimer  
Enrique.Latimer@duke-energy.com  
www.duke-energy.com  
 
Mote Aquaculture Park 
12300 Fruitville Rd. 
Sarasota, FL 34240 
(941) 388-4441 
Contact: Nicole Rhody 
nrhody@mote.org  
https://mote.org/research/program/marine-fresh-
water-aquaculture  
 
Harbor Branch Oceanographic Institute 
Florida Atlantic University 
777 Glades Rd. 
Boca Raton, FL 33421 
(772) 242-2400 
Contact: Paul Wills  
pwills2@fau.edu  
https://www.fau.edu/hboi/ 
 

 
 

 

 

 

 

 
 

mailto:Enrique.Latimer@duke-energy.com
http://www.duke-energy.com/
tel:19413884441
mailto:nrhody@mote.org
https://mote.org/research/program/marine-fresh-water-aquaculture
https://mote.org/research/program/marine-fresh-water-aquaculture
mailto:pwills2@fau.edu
https://www.fau.edu/hboi/
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Quick Facts About Red Drum 

• Red drum have also been called redfish, spot tail, red bass, and channel bass. 
 

• The life span of a red drum can exceed 40 years. 
 

• Red drum inhabit inshore and offshore waters along the Atlantic coast from Massachusetts to Key 
West and throughout the Gulf coast. 
 

• Much of the red drum life cycle is spent in nearshore waters and estuaries. 
 

• Since estuaries are such vital nursery grounds for red drum, we must realize that deterioration of 
water quality or loss of suitable habitat can have drastic effects on the number of young fish that 
survive into adulthood. 
 

• Since red drum are not normally long-distance travelers, they typically do not stray far from the 
areas in which they were born. 
 

• In Florida waters, red drum can reach lengths up to 45 inches and weigh up to 51 pounds. 
 

• Red drum begin spawning in the fall when daylight hours decrease, and water temperature begins 
to cool. 
 

• Commercial harvesting of red drum is prohibited throughout the Gulf Coast states with the 
exception of Mississippi, which has a very limited inshore fishery. 
 

• The red drum is an extremely popular Florida game fish due to its ability to fight for extended 
periods of time and to its popularity as a food fish. 

 

  

Source: Florida Fish and Wildlife Conservation Commission 
https://myfwc.com/research/saltwater/fish/red-drum/quick-facts/ 

https://myfwc.com/research/saltwater/fish/red-drum/quick-facts/
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Red drum broodstock spawning activity

QUESTION: What are broodstock and how do scientists spawn them in 
captivity? 

STEP 1: Ask all the kids to stand and make the shape of a circle. (Can use 
rope or chairs to make circle if available). 

 The circle represents the brood stock tank.
 Each student represents one spawning fish.

LESSON 1: Broodstock are the parent fish collected from the wild and 
placed into tanks for reproductive spawning. Scientists mimic natural 
conditions of daylight and water temperature to “trick” the fish to 
spawn in captivity.  

LESSON 2: Red drum are “broadcast spawners” (females release eggs 
and males release sperm into the water column) and do so in large 
groups of hundreds if not thousands of fish during the spawning season. 
It is important to have a randomly selected group of fish, both male and 
female, to contribute to the genetic diversity of the hatchery reared 
fish. 

QUESTION: How many eggs can one female fish release at one time? 

STEP 2: Hand out a random number of blown-up balloons and party 
blowers to students. Make note that all students with balloons will be 
assigned the males, and all students with party blowers will be assigned 
the females. 

 Assigned males will rub the balloon to make noise to indicate 
they are in spawning mode; assigned females will make noise 
with party blower when they have released their eggs.

 Students may trade roles and repeat activity.

LESSON 3: When the right spawning conditions are met, such as the 
temperature and the amount of daylight, the fish will turn a dark 
bronze-red color and males will produce a sound using their air bladder 
like students rubbing their hand over the balloon. Female fish will then 
release their eggs into the water column. 

LESSON 4: One female fish can release over one million eggs during one 
spawning event and can spawn every 2 to 3 days during the spawning 

ESTIMATED TIME:  
Preparation: 5 Minutes 
Delivery: 15 Minutes  

OBJECTIVE:  
This hands-on activity will teach 
students how fish spawn in captivity 
and the importance of genetic 
diversity to hatchery and wild stocked 
fish. 

KEY QUESTIONS: 

What are broodstock and how do 
scientists spawn them in captivity? 

How many eggs can one female 
release at one time and how many 
survive? 

Why is genetic diversity important to 
both hatchery and wild stocks? 

FLORIDA STATE STANDARDS: 

1. SC.7.L.16.1 – Understand and
explain that every organism
requires a set of instructions
that specifies its traits, that
this hereditary information
(DNA) contains genes located
in the chromosomes of each
cell, and that heredity is the
passage of these instructions
from one generation to
another.

2. SC.4.L.16.3 – Recognize that
animal behaviors may be
shaped by heredity and
learning.

“To Spawn, or Not To Spawn”
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season. Out of one million eggs, only one-half of one percent (0.5%) will 
survive to become reproductive adults.                                                  
 
QUESTION: Why is genetic diversity important? (Compared to wild 
stocks). 
 
STEP 3: Lower (dim) the lights and direct students to move around in 
their circle and use their noise makers when they are ready to spawn. 

 The number of assigned males to female ratio will determine 
the amount of noise and indicate spawning fish.  

 Create scenarios where fish are lost or removed from the tank 
and ask those students to step outside the circle (temporarily). 
- Examples: Fish died from stress, disease, old age, predation, 

etc. 
 Create scenarios where there are too many of one gender, or 

only one gender left in the tank. 
- Example: There were only two assigned females, and both 

died so they are no longer part of the breeding stock of fish.  

LESSON 5: To maintain a successful breeding stock and ensure the 
health and survival of hatchery released fish, parent fish are carefully 
selected and placed into brooding tanks. Genetic markers are used to 
identify the individual fish and can determine which fish spawn during a 
spawning event. Male and female fish are evenly distributed in each 
tank to create a genetically diverse population. Although one female fish 
is all that is required to produce eggs for fertilization, having several 
female fish with several different males will strengthen the gene pool 
and increase the survival of their offspring. 

QUESTION: Once the parent fish are spawned in the hatchery they are 
released back into the wild. What is the likelihood of that same exact 
group of fish spawning together again in the wild? 

STEP 4: Bring students back into a circle and answer any questions. 

LESSON 6: During spawning season, red drum naturally gather in large 
aggregations (hundreds of fish) near inlets and passes. Therefore, the 
chances of the same exact group of released fish spawning together in 
nature is highly unlikely. 

 

 

FLORIDA STATE STANDARDS: 

 
3. SC.5.L.17.1 – Compare and 

contrast adaptations 
displayed by animals and 
plants that enable them to 
survive in different 
environments such as life 
cycles variations, animal 
behaviors and physical 
characteristics. 
 

4. SC.4.L.17.4 – Recognize ways 
plants and animals, including 
humans, can impact the 
environment. 



43 
 

Red drum egg estimation activity 

QUESTION: What are the advantages of incubating fish eggs in a 
hatchery? 

LESSON 1: In the wild, fish eggs are susceptible to predation and are 
easily damaged by the continual change of the natural environment. 
Scientists have learned how to mimic optimal natural processes by 
artificially incubating and hatching fish embryos in a hatchery. The 
advantage of man-made hatcheries is that the environment can be 
controlled and manipulated. 

QUESTION: Why is stocking density important? 

LESSON 2: Developing embryos and newly hatched larvae are the most 
sensitive and delicate stages in the life history of a fish. Therefore, great 
care must be taken to provide them with the proper incubating and 
hatching environment. Water temperature, light, water quality, water 
flow, shock prevention, and type and size of the egg are very important 
considerations.  

Stocking densities, or the number of eggs stocked into the egg 
incubators is very important to maintain healthy eggs. After spawning, 
fertilized eggs float to the surface and are skimmed off the top of the 
breeding tank and placed in an egg collection device. The fertilized eggs 
are removed from the egg collector and volumetrically measured prior 
to transferring the eggs to egg incubators. Some commercial hatcheries 
stock tanks at densities up to 1,200 eggs per gallon (320 eggs/Liter). 
However, lower densities of 700 to 900 eggs per gallon (185 to 240 
eggs/Liter) are typically stocked to avoid harmful ammonia build up as 
well as to decrease the likelihood of fungal and bacterial infections 
occurring that are associated with higher stocking densities.  

QUESTION: How many red drum eggs are in a 15,000 milliliters (ml) 
hatchery incubation tank?  

STEP 1: Count the number of fish eggs in the 250 milliliters (ml) beaker 
sample. (See samples 1-3) 
 
STEP 2: Calculate the number of eggs per milliliter.  
 
 Divide the number of eggs counted in the sample by 250 

(sample volume) to calculate the number of eggs per milliliter. 
 

“Count Your Eggs Before They Hatch” 
ESTIMATED TIME:  
Preparation: 5 Minutes 
Delivery: 15 Minutes  
 
OBJECTIVE:  
This activity simulates how scientists 
calculate the number of red drum eggs 
to stock in hatchery egg incubators and 
why it’s important. 
 
KEY QUESTIONS: 

What are the advantages of 
incubating fish eggs in a hatchery? 

Why is stocking density important? 

How many red drum eggs are in a 
15,000 milliliters (ml) hatchery 
incubation tank?  

FLORIDA STATE STANDARDS: 

5. MA.3.AR.1.2 – Solve one- and 
two-step real-world problems 
involving any of four 
operations with whole 
numbers. 
 

6. MA.3.M.1.1 – Select and use 
appropriate tools to measure 
the length of an object, the 
volume of liquid within a 
beaker and temperature. 
 

7. MA.3.M.1.2 – Solve real-world 
problems involving any of the 
four operations with whole-
number lengths, masses, 
weights, temperatures or 
liquid volumes. 
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STEP 3: Calculate the number of eggs in the incubator using datasheet. 
Take the number of eggs per milliliter and multiply by 15,000 (incubator 
volume)  =  egg number in the incubation tank. 
 

 

 

 

 

 












   



 












   



 












   



FLORIDA STATE STANDARDS: 

4. MA.4.AR.1.1 – Solve real-
world problems involving 
multiplication and division of 
whole numbers including 
problems in which 
remainders must be 
interpreted within the 
context. 
 

5. MA.4.DP.1.3 – Solve real-
world problems involving 
numerical data. 

 
6. MA.7.AR.3.2 – Apply 

previous understanding of 
ratios to solve real-world 
problems involving 
proportions. 

 
7. MA.7.AR.4.5 – Solve real-

world problems involving 
proportional relationships.  

 
8. MAFS.7.SP.1, 2, 3: Use 

random sampling to draw 
inferences about a 
population. Use random 
sampling to draw inferences 
about two populations. 
Investigate chance processes 
and develop, use and 
evaluate probability models. 

 
9. SC.4.L.16.2 – Explain that 

although characteristics of 
plants and animals are 
inherited, some 
characteristics can be 
affected by the 
environment.    
 B. Life cycles vary 

among organisms, but 
reproduction is a 
major stage in the life 
cycle of all organisms. 

 
 

SAMPLE 1: 
SAMPLE 1: 

SAMPLE 2: 

SAMPLE 3: 
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ANSWER KEY 

Sample #1 – 1,500 eggs    
Sample #2 – 1,080 eggs    
Sample #3 – 1,920 eggs 
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Word Search and Puzzles  
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PUZZLE: RED DRUM 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 







 



 





 

Puzzle: Place pieces of the puzzle together 
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Appendix 

A basic recirculating aquaculture system (RAS) consists of the 
following components: 

• Fish tank (round or circular tanks with central drains are easier 
to clean and circulate water through than rectangular) 

• Mechanical filter 
• Biological filter 
• Pump tank 
• Pump 
• Other items (e.g., UV-C light, oxygenation devices, aeration 

devices, feeders, monitoring, etc.) 
 

Classroom Supplies: 

• Instant Ocean or Red Sea (to make treated saltwater) 
• 50 gallon or larger tank/tote/bin (to store treated seawater) 
• Fish food (pellets, flakes, frozen shrimp, live feeds)  
• Dip nets; Various sizes 
• Siphon hose of various lengths 
• Aquarium or pool brush for algae 
• Two 5-gallon buckets with handles and lids 
• Aerator with air stones (not battery operated) 
• Refractomer or Hydrometer  
• Thermometer 
• Scale and ruler for measuring fish 
• Water quality test kits  
• Water quality meter/probe (optional) 
• Three 10, 20 or 30-gallon tanks to conduct experiments 

(optional)  

 
Building your own system:  

 
If you would like to construct and build your own aquaculture system, we recommend reading SRAC 
4501, “Constructing a Simple and Inexpensive Recirculating Aquaculture System (RAS) for Classroom 
Use” (See References: SRAC Publication #4501) 
 

Aquarium Calculator: https://hamzasreef.com/Contents/Calculators/  

 Fish Farm™ I 

https://hamzasreef.com/Contents/Calculators/
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FISH LENGTH MEASUREMENTS 
 
 

 
 
 
 
Total Legth:  

Measure from the most forward point of the head, with the mouth closed, to the farthest tip of the tail 
with the tail compressed, or squeezed, while the fish is lying on its side. 

Standard Length: 

Measure from the most forward point of the head, with the mouth closed, to the end of its last 
vertebrae, or caudal peduncle (where the fin rays meet the body). 

Fork Length:  

Measure from the most forward point of the head, with mouth closed to center of the fork in the tail.  

NOTE: When using a flexible measuring tape, please remember to take a straight-line measurement by 
placing the measuring tape under the fish not over it as including the contour of the fish will result in an 
inaccurate measurement greater than the straight-line measurement. 

Fish Measurement | FWC (myfwc.com) 

 

 

 

 

https://myfwc.com/fishing/saltwater/recreational/measurement/
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WATER EXCHANGE DATASHEET     
      
TANK:      
SPECIES: SOC     

      
    START END     
   DEPTH DEPTH     
DATE TIME (FT) (FT) GALLONS COMMENTS 

      .     
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                     MONTHLY FEED LOG       
            
Species: ___________________________  Tank: ______________   

            
Month:____________________________        

                  

    Amount Amount Not fed 
                  

Feeding   Times Morts     
Date Type (g) Fed (g) (g) 08:00-12:00 12:01-4:00 (#) Initial Comments 

                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    
                    

                    
                    

          
          
          
          
          

 
Total 
(g): 0 0 0   0   
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