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not accomplished by the intellect, but by the 
play instinct acting from inner necessity. The 
creative mind plays with the objects it loves.” If 
you build a dock, find a comfortable observation 
chair and let your mind go. There’s no limit to 
the problems you might solve.

Play
Over the last year, I’ve seen some of the most 

incredible uses of dock structures firsthand. I’ve 
seen docks with diving platforms, swing sets, 
zip-lines, slippery slides and basketball hoops. 
I’ve watched children and adults enjoy all kinds 
of apparatuses that are often associated with 
more terrestrial pursuits. Go to any playground 
and look at the various toys set up for kids.  

Then visualize it on a dock. Nearby water just 
enhances the excitement that children feel when 
they get a chance to try out a new toy. Just 
remember to always have appropriately-sized 
life vests handy at all times.

Feeding Centers
Having a dock that acts as a strong fish 

attractor allows you to be more specific in your 
approach to providing pelleted feed for your 
fish. It’s been proven over and over again how 
beneficial automatic fish feeders are to creating 
strong and diverse fisheries. However, a shore-
bound automatic feeder is not particularly 
specific as to the fish that have access to the 
pellets.  When our dock was built last year, we 

found that the ability to see the fish we were 
feeding allowed us more specificity when 
it came to which fish got the most pellets. 
Oftentimes we would visually identify schools 
of young-of-the-year bluegill and get out the 
bag of Purina 400 (the perfect size for 1-2 
inch bluegill) and hand feed fish that would 
otherwise go without. By targeting very small 
bluegill, it made it tremendously easy to feed 
train young bluegill. There are some profound 
benefits to this approach. When bluegill are feed 
trained early in life, it gives them more trophy 
potential. Trophy sized fish are typically fish 
that have eaten well their entire lives. Getting 
bluegill to four inches their first year and 
perhaps nine inches by their second year means 
a greatly increased chance of seeing a two 
pound ‘gill someday. Another benefit lies in the 
fact that a greater population of bluegill which 
are in exceptional body condition usually leads 
to strong subsequent year classes, which in turn 
increases the growth rate of your largemouth 
bass. In my pond, we consider the channel 
catfish to be undesirable targets for feeding. 
Therefore, the dock allows us to get the pellets 
to the other fish. We’ve become catfish “teases,” 
so to speak.  The fun you can have throwing 
feed away from the catfish is borderline sinister. 
Try it sometime.

Cage Culture
A largely unappreciated use for docks is cage 

culture of desirable fish. Ask any pondmeister 
to name their biggest hindrance when it comes 
to introducing new fish to their pond, and they’ll 
answer, “cost”. It can be extremely prohibitive 
from a cost standpoint to stock large enough fish 
to avoid predation in your pond. Stocking more 
affordable, smaller fish is often a frightening 
experience for the pond owner. Once I stocked 
500 4-6 inch striped bass hybrids in a friend’s 
sandpit. The fish were only slightly stressed, 
but as they drifted away from the acclimation 
bags, the water erupted with skinny 14-16 
inch largemouth obliterating the poor little 
introductees. Each stocked fish had a value of 
about a dollar, and I clearly remember myself 
saying after each explosion, “Dollar, dollar, 
dollar, dollar, another dollar, dollar, dollar….”. 
Now, had I access to a fixed fish-holding pen on 
the dock, I could have placed the little hybrids 
in a sanctuary for three months, and let them 
gorge on AquaMax pellets. They could have 
easily reached 8 inches and their long-term 
acclimation to the local water temperature and 
chemistry would have allowed them a little 
more lively first exposure to the local predator 
base. Justin Herman, of Herman Brother’s 
Lake and Land Management, explains it this 
way, “We started stationing our cages around 

Docks can be for thrill seeking.

Docks are for catching fish with friends...and shooting hoops.
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our docks for practical reasons. It allowed us a 
good, sturdy attachment to place the cages, and 
it allowed us to leave our growing fish in the 
best quality water possible.  We grew thousands 
and thousands of fish in these cages with 
extremely low mortality rates.  The use of cage 

culture also allowed us to maximize the number 
of individual fish that adapted to pelleted feed 
as their primary source of nutrition. It was 
afterwards that we came to the realization 
that we could build the cages for our clients to 
allow them to more efficiently raise and train 

fish for their own private use. It’s far easier to 
influence an overall fishery if you’re stocking 
fish that are large enough to avoid predation,” 
Herman added.  “If you actually want to 
manage your fish populations, it’s frustrating 
and expensive to watch your newly stocked fish 
become breakfast for your existing predators. 
Cages allow for higher-level management, plus 
they’re fun for the kids. There isn’t anything 
more enjoyable than giving a handful of feed to 
a four-year-old and watching him feed a bunch 
of aggressive ten-inch feed trained smallmouth 
bass!”

Get Going!
If you’re going to build a dock sometime, just 

remember, you’re not getting any younger.  Read 
the ads in this issue of Pond Boss Magazine and 
identify a professional who designs or builds 
docks in your area.  My suggestion would be to 
allow somebody who’s experienced to take on 
this job. Creating a strong and durable structure 
can be very technique-sensitive. Doing it right 
the first time is crucial. But, if you use some 
of the ideas presented here and even add a few 
of your own, you’ll get a lot more bang for the 
buck if your dock has multiple uses.

Docks are for diving and thrill-seeking



What’s for Dinner— 
Farm Raised or  
Wild Caught? 

by Mike Brown & Dave Willis

Fish for supper? Is that on the menu this 
evening for any of you? If so, are you 
eating fish from your pond or from the 

supermarket? After years of discussion in this 
country about wild-harvest fish vs. aquaculture, 
we truly are seeing a shift to more aquaculture 
production.

We’ll start this article with an overview of 
international harvest of fishes and trends in 
importation of fishes. Then, we’ll move to one 
of the up and coming aquaculture species that is 

currently popular in the Midwest–yellow perch. 
Our goal here is not to provide the nuts and 
bolts of a yellow perch aquaculture operation. 
Instead, we will talk about some recent changes 
in perch culture, such as recirculating systems 
and new diet development. If you are interested 
in more details about perch culture, there is a 
2003 overview paper produced by the North 
Central Regional Aquaculture Center (http://
www.ncrac.org/NR/rdonlyres/D8E4E858-
B983-4385-AC8D-5ED753F094E1/26688/

YellowPerchWhitePaper112103.pdf). While 
there have been some advances since 2003, 
this article provides a nice overview of all 
components of yellow perch aquaculture.

Aquaculture is the fastest growth segment 
of U.S. agriculture and projected to be the 
major agricultural growth industry into the next 
century. The industry has experienced a level 
of growth that surpasses that of any agri-food 
industry on record. The current boom began 
in the 1960’s when malignant declines in wild 
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fi sh stocks fi rst became noticeable. The peak 
of wild harvests, combined with a rising world 
population, created increases in demand and 
price of seafood. These factors helped fuel the 
fi sh farming industry to unprecedented levels of 
growth, making it the world’s fastest growing 
agri-food industry. 

Aquaculture is the fastest 

growth segment of U.S. 

agriculture and projected 

to be the major agricultural 

growth industry into the 

next century.

Capture fi sheries and aquaculture supplied 
the world with about 142 million tons of 
fi sh in 2008. Of this, 115 million tons were 
used as human food, providing an estimated 
apparent per capita supply of about 17 kg (live 
weight equivalent), which is an all-time high. 
Aquaculture accounted for 46 percent of total 
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food fish supply, an increase from 43 percent 
in 2006. Outside China, per capita supply has 
remained fairly static in recent years as growth 
in supply from aquaculture has offset a small 
decline in capture fishery production and a 
rising human population. In 2008, per capita 
food fish supply was estimated at 13.7 kg if data 
for China are excluded. In 2007, fish accounted 
for 15.7 percent of the global population’s 
intake of animal protein and 6.1 percent of all 
protein consumed. Globally, fish provide more 
than 1.5 billion people with almost 20 percent 
of their average per capita intake of animal 
protein and 3.0 billion people with at least 15 
percent of such protein.

Aquaculture growth continues to outpace 
population growth, with per capita supply from 
aquaculture increasing from 0.7 kg in 1970 to 
7.8 kg in 2008, an average annual growth rate of 
6.6 percent. It is set to overtake capture fisheries 
as a source of food fish. While aquaculture fish 
production was less than 1 million tons per year 
in the early 1950s, production in 2008 was 52.5 
million tons, with a value of US$98.4 billion. 
World aquaculture is heavily dominated by the 
Asia–Pacific region, which accounts for 89 

percent of production in terms of quantity and 
79 percent in terms of value. This dominance 
is mainly because of China’s enormous 
production, which accounts for 62 percent of 
global production in terms of quantity and 51 
percent of global value.  

Aquaculture has a number of advantages 
over wild harvest. Growers can more easily 
maintain a steady supply of products. Farmed 
seafood is likely to be more uniform in size 
and quantity, thus moderating price swings. 
Selective breeding can be used to enhance 
disease resistance, increase growth rates, or 
promote other desirable traits, such as better 
feed conversion. Finally, consumers benefit 
from declining real prices as growers increase 
their efficiency and supply. Farmed fish also use 
their feed very efficiently. For example, farmed 
Atlantic salmon can convert approximately 
one kilogram of feed (dry) into one kilogram 
of flesh (wet). In contrast, the feed conversion 
of poultry is 3-5:1, and pork is 8:1. Fish need 
fewer calories because they do not regulate 
body temperature and they do not need to 
support their weight in the water column. In the 
U.S., additional domestic seafood production 

will reduce the nation’s dependence on imports. 
Right now, our country is a major consumer of 
aquaculture products–we import 84% of our 
seafood and half of that is from aquaculture–
yet we are a minor producer. U.S. aquaculture 
(freshwater and marine) supplies about 5% 
of the U.S. seafood supply and U.S. marine 
aquaculture less than 1.5%. Driven by imports, 
the U.S. seafood trade deficit has grown to over 
$9 billion annually–the highest it’s ever been. 

The U.S. marine aquaculture industry is 
relatively small compared with overall U.S. 
and world aquaculture production. Total U.S. 
aquaculture production is about $1 billion 
annually, compared to world aquaculture 
production of about $70 billion. Only about 
20% of U.S. aquaculture production is marine 
species. The largest single sector of the U.S. 
marine aquaculture industry is molluscan 
shellfish culture (oysters, clams, mussels), 
which accounts for about two-thirds of total 
U.S. marine aquaculture production, followed 
by salmon (about 25 percent) and shrimp (about 
10 percent). 

The catfish industry is the largest sector in 
U.S. aquaculture, accounting for over 40 percent 
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of all sales. Catfish production is concentrated in 
Mississippi, Alabama, Arkansas, and Louisiana. 
Catfish are grown in open freshwater ponds.

Other major foodfish species grown in the 
United States are trout, salmon, tilapia, hybrid 
striped bass, sturgeon, walleye, and yellow 
perch. With the exception of salmon, these 
fish are normally grown in open freshwater 
production systems. Salmon are somewhat 
different than other species, as they are hatched 
in fresh water and then later transferred to 
saltwater net-pens for final grow out.

Recirculation aquaculture systems (RAS) 
represent an exciting, eco-friendly and unique 
way to raise many fish species, including 
yellow perch. Instead of the traditional method 
of growing fish outdoors in open ponds, net 
cages, or tanks, this system rears fish at high 
densities within an indoor controllable rearing 
environment. Recirculating systems filter and 
clean the water for recycling back through the 
fish culture tanks. New water is added to the 
tanks only to make up for water losses due to 
evaporation and flushing of waste materials. 

RAS designs have several system process 
technologies all of which work together to 
ensure minimum loss of water, heat and of 
course fish stocks, while constantly cleaning 
and re-using the fish tank water. RAS farms 
can be designed to various levels levels of 
complexity, however all true water recirculation 
designs involve the use of equipment to remove 
and safely store wastes, clean and re-use water 
and maintain rearing conditions at or near 
optimum for the species of fish being raised.

In contrast, many older style tank farming 
systems that have been used to grow fish are 
termed “open” or “flow through” systems 
because the water makes only one pass through 
the tank and then is discarded. Although several 
improvements can be added to older designs 
to reduce water usage and create hybrid types 
of operations, these are not exactly true water 
recirculation farms.

Fish grown in any facility must be supplied 
with the correct conditions necessary to remain 
healthy and grow. Fish need a continuous supply 
of clean water at an appropriate temperature and 
a dissolved oxygen content that is optimum for 
growth. Water recirculation farms accomplish 
these tasks. A mechanical and biological system 
is necessary to purify the water and remove or 
detoxify harmful waste products and uneaten 
feed. The fish must be fed a nutritionally 
complete feed on a daily basis to encourage fast 
growth and high survival. 

Because RAS farms recycle most of 
their water, they consume considerably less 
than other types of culture systems and are 
especially well suited to areas with limited 

water supplies. The required quantity of water 
needed to successfully grow fish varies with the 
species of fish selected, size of the farm system, 
and the unit process equipment design. As a 
general rule, a minimum water volume of 1-5 
gallons is needed for every pound of fish reared 
and minimum new water flows of 5-20 gallons 
per minute are needed to grow 50,000 - 75,000 
pounds of fish per year.

By rearing fish indoors, the farmer is no longer 
limited by weather conditions where a sudden 
cold spell can wipe out a year’s production by 
killing the larval fish or disrupting the normal 
spawning of the broodfish. In addition, pond 
and cage culturists can lose their crop to low 
oxygen during summer or winter and have 
greater difficulty controlling predators. Having 
the fish indoors also permits harvest at times 
when heavy rain, snow or ice would stop the 
harvest of pond or cage cultured fish; creating a 
definite market advantage to the indoor farmer. 
Indoor RAS farms are designed to prevent stock 
escapement, meaning less potential for loss and 
mitigation of potential conflicts with regulations 
governing water bodies and fish escapements.

RAS systems also help make possible crop 
diversification with other alternative farming 
methods such as aquaponics (http://www.
northernaquafarms.com/aquaphonics.html), 
which is the use of fish waste nutrients and water 
to grow other edible plant crops. Aquaponics 
is becoming more common and in some cases 
where plant production is the primary goal, the 
plant crop has a greater value than the fish crop.  

Now, let’s turn our focus to the issue of 
fish meal in diets used in aquaculture.  One 
of the problems constraining growth of 
the commercial aquaculture industry is the 
availability of low cost, nutritionally complete 
diets for food fishes. Fish meal is a high quality 
feed ingredient commonly found in aquaculture 
diets, however, expansion of the aquaculture 
industry has placed an increased demand on 
diminishing marine fish meal resources such 
as menhaden, herring, and anchovy. Although 
fish meal is costly (~$1,600/ton), it provides a 
complete nutritional base in fish diets because 
of its well-balanced profiles of amino and fatty 
acids, digestible energy, and minerals. 

Decreasing availability along with increasing 
cost of fish meal has encouraged researchers 
and fish feed manufacturers to seek lower cost, 
nutritive fish meal replacements. Numerous 
alternatives have been explored and most 
are either plant products or co-products, 
and processed animal byproducts. Some 
of the primary plant sources investigated 
include soybean meal, barley, corn gluten, 
lupins, rapeseed, and cottonseed meal. Direct 
replacement of fish meal with plant sources 

often results in decreased growth and survival. 
When compared to fish meal, some of the 
primary nutritive issues associated with plant 
alternatives include anti-nutritional factors 
(e.g. trypsin inhibitors and gossypol), essential 
amino acid or fatty acid deficiencies, and 
mineral availability. 

It is apparent that growth and expansion 
of the commercial aquaculture industry will 
rely heavily on innovations in the aquaculture 
feed production sector. Decreasing availability 
and increasing costs of fish meal have a direct 
effect on profitability because feeds used 
in commercial fish production are typically 
30-60% of annual variable costs. Given the 
reduced availability and cost of marine-derived 
fish meal, it will become increasingly important 
to maximize the use of sustainable plant 
products and co-products to economize fish 
production. Further, because of the nutritional 
issues surrounding use of plant feedstuffs in fish 
feeds it is necessary to conduct further research 
to provide nutritionally complete diets.

Plant sources such as soybeans are highly 
regarded to be one of the most promising 
alternative feedstocks for fish feeds. Although 
there is considerable variability in soybean 
meal utilization among species, fish meal was 
successfully replaced by 4 to 40% soybean 
meal without significant effects on growth 
performance. There is far less information 
available on the use of soy flour, full-fat 
soybeans, and concentrates, but research 
comparing soybean meal with protein 
concentrates indicates much higher fish 
meal replacement levels with concentrates.  
Studies on seven species showed soy protein 
concentrates replaced 25 to 100% of fish 
meal, while achieving growth performance 
comparable to fish fed fish meal diets. Thus, 
maximizing nutritive content and utilization 
of soybeans may be best accomplished with 
soybean protein concentrates.

South Dakota State University aquaculture 
research has involved both soybeans (with and 
without protein concentrates) and distiller’s 
dried grains (DDG’s; a by-product from the 
corn ethanol industry) as components of high-
performance yellow perch feed.  Recent testing 
of soy protein concentrates has been done with 
yellow perch (coolwater) and also rainbow trout 
(coldwater). All feeding trials were done with 
a fish-meal control diet having similar protein, 
fat, and energy contents. For example, one 
study using direct replacement of fish meal with 
25, 50, 75, or 100% protein concentrate showed 
that performance (growth, consumption, 
conversion) decreased with increasing soy 
content. However, in a subsequent trial, yellow 
perch fed concentrated diets with the protein 
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additives performed better than those perch 
that received a fish meal diet. Other ongoing 
and future trials will test improved feed 
formulations and additives to minimize fish 
meal use and maximize soybean utilization. 
Overall, the idea is to determine how far can 
we push soybean and corn products and co-
products as diet constituents and still maintain 
or obtain better performance than we do with 
the fish meal diets.

Another line of research directed at soybean 
use in aquaculture feeds is focused on soybean 
genetics. Composition of soybeans varies among 
varieties which results from genetics (and 
growth environment). Thus, the first portion of 
this project involves the biochemical screening 
of available varieties for comparison to baseline 
dietary requirements of fish. Following this 
systematic evaluation, appropriate soybean 
genetics will be integrated into a conventional 
breeding program for variety improvement. 
Development of specialty soybean varieties 
suitable for fish feed will benefit the future 
growth of aquaculture production, and on 
the another hand, will certainly increase and 
diversify the use of soybeans.

So, why this interest in yellow perch culture?  
The reason is similar to other cultured fishes 
used for food.  Most of the wild-capture fisheries 
for yellow perch, such as in the Great Lakes, 
have substantially declined. As a result, demand 
for culture yellow perch is high. In fact, yellow 
perch fillets have recently sold for as high as 
$13-18 per pound, rivaling or exceeding the 
value of many marine fishes. Interestingly, the 
desired product for culture yellow perch is an 
approximate length of only 7.5 inches. Readers 
in the North Country who have yellow perch in 
their ponds know that this is considered a small 
perch by anglers. However, the commercially 
produced perch are often sold as “butterfly 
fillets.” Fish are filleted from one side of the 
backbone, down under the belly and then up the 
other side along the backbone.

Now, please don’t read this article as an 
invitation to jump right into intensive fish 
culture. As our good friend Cecil Baird says on 
the Pond Boss Forum: “How to make a small 
fortune in aquaculture?  Invest a large fortune.” 
On the other hand, times are changing in the food 
fish markets. The world wild catch fisheries are 
mostly fully utilized (or over-utilized), and as 
prices increase as a result, aquaculture becomes 
more feasible.

Dr. Mike Brown is a Professor and Dr. Dave 
Willis is Head for the Department of Natural 
Resource Management at South Dakota State 
University.
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