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[. INTROD1'CTION

Trout production systems, typically are of the flow-through design, and, more often than not,
rearing ponds are arranged in a serial reuse fashion, with water moving from pond to pond. This
may repeat itself many times over, A sloping topography is required. The ponds can be
,arranged linearly or parallel to each other with the flow traveling zig-zag, i,e, back and forth,
from pond to pond  Figure 1!.

There are major variations in pond design with respect to size, shape, and structurally. Many
older facilities may still use earthen ponds, of irregular shape and/or channel-like  raceways!. An
example of this is shown with Figure 2.

Ponds constructed out of concrete, fiberglass, or other solid material are, in general, either linear
and rectangular  raceways! or circular  round!. Pond design and structure can significantly affect
the capability, and efficiency, of managing waste components, in particular the solids portion
 feces and waste food!.

II. WASTE MANAGEMENT PRINCIPLES

1. Preventative measures

Prevention is always the best strategy to consider first. For aquaculture there are two main
approaches, as well as a long-term strategy.

.A. Responsible feed tnanagentent

In intensive fish production systems feed is the sole source of pollution. Feed waste, as uneaten
food, must be avoided as much as possible. Although zero waste may not be practical, such
waste should not exceed 3.0-5.0'/0. Feed losses as high as 20 to 50'/o have been reported  Cho, et
al 1991!. All of the waste feed contributes to pollution, and all of it directly affects the
economics. The following should be considered in the efforts to reduce feed waste to a
minimum.



Do not overfeed; administer feed properly.
Feed the fish, not the pond.
Handle feed with care; prevent fines/remove fines.
Know the feed requirements of the fish  '/oBW/day!, through knowledge of the
size of the fish, water temperature, projected, i.e. historical, growth rates and, not
the least, the fish biomass in the pond  Westers, 1995!.

a!
b!

c!
d!

B. Use loiv-polluting diets

These are diets which are highly digestible, of high nutrient density and with a well balanced
protein to energy ratio, Of course, they must be economical as well, but the unit cost can be
greater if feed conversions are lower. High energy diets, with up to 30'to fat, 40'/0 protein and
13 /0 carbohydrates  nitrogen-free extract! when fed to Atlantic salmon, demonstrated reductions
I.n nitrogen output by 35'/0, phosphorous by 20'fo and solids by at least 20'/0 due to a feed intake
reduction of 20'to versus diets with a fat level of 22'/o or less  Johnson and Wandsrik, 1991!.

C. Genetic selection and/or genetic engineering

2. Corrective measures

:Feeding fish is synonymous to polluting the water, Solids  feces and waste feed!, nitrogen and
phosphorus are the main compounds of concern. Solids can be reported as setteable, suspended,
dissolved, BOD and COD, nitrogen as inorganic, ammonia, nitrite, nitrate, organic nitrogen, and
'total nitrogen, phosphorus as inorganic ortho-phosphate and as organic phosphorus in the solids
fraction of the waste, Values for each of these sub-components have been reported, showing
considerable variation, This is not surprising, because within flow-through systems much
variation can be expressed due to management practices, source water quality, monitoring

As new species enter aquacultiue, there is a need for domestication, but also a continuing need
j: or improvements in growth rates and feed utilization of traditional species. A "shortcut" in this
process is the technology of genetic engineering, the "creation" of genetically modified
organisms  GMO!, GMO's are extremely controversial, There is much opposition to the use of
genetically modified foods. Genetically modified fish  salmon! have been produced, but
opposition expressed by anglers, the wildfish lobby, conservationists, and even fish farmers and
breeders, because they know that GMO is unacceptable as food, and that includes farmed salmon
 Roberts, 2000!. However, Roberts also points out that research into this technology should not
be choked off outright, but ought to be allowed to proceed with all needed precautions in place,
The present administration seems to support that. The Aquaculture News of May 2001, reports
that genetically altered salmon will be on the menu of a white house state dinner in honor of the
prime minister of France during his USA visit. EPA chief Christine Todd-Whitman voiced
concern about the safety of GMO's and indicated that "this administration plans to keep a
watchful eye on these products," In other words, let's move ahead with caution.



methods  timing, frequency, etc!, system design and operational modes. This problem mas
pointed out by Cho, et al �991!. They compared the nutritional mass-balance method
 biological! with the water chemistry method  hmnological!, and found significant differences in
outcome between these two approaches, Higher than projected TSS values are most likely the
~esult of feed waste. Facility design and management practices can also be responsible for
significant variations in concentrations of aquaculture waste components in the effluent. Best
:management practices are, to a large extent, driven by facility design.

III. SYSTEM DESIGN FACTORS

l. Earthen pond systems

[t is always difficult to apply corrective action without a good diagnosis of the problem and an
intimate knowledge of the characteristics of the production system. All flow-through systems are
not equal. The most simple ones are earthen ponds, "down to earth" in construction but complex
when it comes to identifying what is happening to the waste and how to manage it. Earthen
raceways  ponds! function as settling basins, because of low water velocities. This is a
characteristic of all raceways, a truth not always recognized, especially when large flows are used
through such rearing vessels. To illustrate, a raceway with these dimensions, length �! is 30 m
 + 98'! width  w! is 3.0 m  ~ 9.8'! and a depth  d! of 0,66 m  ~ 2.2'! has a rearing volume of
60 in' �200 ft'!, To create a velocity of 15 cm/s �,5'!, a velocity that would keep solids in
suspension, long enough, would require a flow rate of 18,000 lpm �755 gpm!, the water turn-
over time would be a short 3.33 minutes, the exchange rate 18 x per hour  R = 18!, Normal turn-
over rates for most raceways range from 1.0 to 4.0 per hoiu. The velocity  v! at 4 changes per
hour  R = 4.0! would be 3,3 cm/s �.11 ft/s!. Velocity can be determined with: v = � x R!/36
Where v is velocity in cm/s, 36 is from 3600 s/h divided by 100 because the velocity is expressed
as cm/s, the length �! in m �.0 m = 100 crn!
For English equivalents: v  as fl/s! = �  in fl! x R!/3600. In this case the units used for velocity
and length are the same,

It is an undisputable fact that raceways function as settling basins. Every fish culturist who has
worked with raceways has observed the buildup of solid waste within raceways.

This fact, that raceways function as settling ponds, creates several problems with respect to solid
management.

As solids settle and build up, they are resuspended by fish and human activity. This destroys the
integrity of the solids  fecal material and wasted feed! and changes relatively large particles
 >100 ~! into many smaller particles, It has been reported that a high proportion  80'/0! of
TSS may end up in size ranges from 5,0 to 20.0 ~  Boardman, et al, 1998!. Such sizes take a
long time to settle, they are difficult to remove, and even micro-screens are ineffective because
these devises are not very efficient in capturing particles smaller than 80 ~  Boardman, et al
1998!, Also, the finer the particles the easier they leach nutrients  N and P!, Their surface area



to volume ratio is very large. For example, it takes 1600 5.0 Qm particles to achieve the same
volume as one 200 ~m particle.

]n serial reuse arrangements, such fine solids are passed from pond to pond, degrading the water
<equality. Although the concentrations are relatively low  < 10.0 mg/1! under normal conditions,
they can reach concentrations in excess of 100 mg/1 whenever there is activity within the pond,
through heavy feeding when fish densities are high and through in-pond activities such as
harvesting, sorting, inventorying, cleaning, etc.

In an earthen pond system much of the this waste seems to "disappear." Some of it is converted
to new biomass  bacterial, algal, and higher organisms!, and these generate their own waste
components, such as BOD; COD; CO�dead organic matter, and, under anoxic and anaerobic
conditions, release phosphorus, and can generate hydrogen sulfide or methane gas. It is therefore
difficult, if not impossible, to determine final effluent end products from earthen ponds. The
within system dynamics are too complex.

For instance, the BOD, TSS, and TAN concentrations reported  NPDES! for the facility shown
as Figure 2, were 5.0, 3.0, and 1.1 mg/1 respectively. As for the 1.1 mg/1 TAN, this
concentration, according to the manager, is the highest on record, Average concentrations have
been in the 0,7 to 0.8 mg/1 range.

This facility produces about 240,000 pounds of food-sized rainbow trout per year. Daily feed
jLnput ranges from 600 to 800 pound per day. The flow rate through the system is about 1200

m measured as the discharge flow rate. Assuming the following values per pound of food:

Solids: 140 g; TAN: 13 g; BOD: 150 g.
Then the daily totals, based on 800 pounds of feed, are 112 kg TSS �47 lbs!; 10.4 kg
TAN �3 lbs!; and 120 kg BOD �64 lbs!.

lf these compounds were distributed evenly over a 24-hour period in the flow rate of 1200 gpm,
concentrations would be 17.1 mg/1 TSS; 1,59 mg/1 TAN and 18.3 mg/1 BOD. Compared to the
measured concentrations, about 82'/0 of TSS, 40'/o of TAN, and 73'/0 of BOD is unaccounted for.

Trout production in earthen ponds present a difficult challenge for waste management. Settling
ponds nor inicro-screening can be effective, because routine effluent concentrations are very low
and consist, predominantly, of very small particles.

There also is the problem of high TSS concentrations released during pond activities, with
concentrations in excess of 100 mg/l. This flow should be diverted to a settling pond. This can
be a problem where these flows are needed to supply other ponds in the series.

Over time, accumulated sludge may have to be removed from the pond. This is best
accomplished by having the ability to drain the pond down to the level of the sludge and then



pump this material to sludge drying beds, constructed wetlands or land apply. For this, all fish
must have been removed and, in most cases, there must be the ability to by-pass the normal flow.

2. Concrete raceways

Concrete raceways for salmonid culture are common with state and federal public fish hatcheries.
They are also popular with the large Idaho trout industry and other, relatively large trout
production systems throughout the USA and Europe.

Concrete raceways have a distinct advantage over earthen ones. They can accept greater flows of
water and are easier to manage.

Nevertheless, even with higher flow-rates, these raceways still function as settling basins,
Velocities of 15 cm/s or more are required to make the raceway self-cleaning, but velocities
hardly ever exceed 3,0 cm/s. Even at this velocity the flow rate through the 30 m x 3.0 x 0.66 m
dimension raceway mentioned earlier, must be as great as 3600 lpm  951 gpm!. To accomplish
the 15 cm/s velocity requires a flow rate of 18,000 lpm �755 gpm!.

As solids settle and accumulate in raceways, fish activity will, from time to time, resuspend them
into the water column, breaking them down into smaller particles which take longer to settle.
Eventually some will drift out of the raceway. In general, the TSS concentration in the effluent
from raceways vary from 1.0 to 6.0 mg/1  Tables 1 and 2!. Such concentrations depend on the
amount of feed, the fish size and rearing density and the amount of waste accumulated, i.e., how
frequently the pond is cleaned.

Whenever fish stir up solids, in pond TSS concentrations may reach 60 mg/1, but these are of
short duration because most will resettle rather quickly  Boardman et al, 1998!, Eventually some
of these short-duration spikes exit the raceway. Batch sampling seldom "catch" these, and with
24 hoiu composite sampling, these short-duration spikes do not significantly contribute to the
overall concentration.

Things are different with raceway cleaning, harvesting, sorting or any other activity requiring
people to walk in the raceway. Shock loading can easily exceed TSS concentrations of 100 mg/1
 Boardman, et al 1998!. Table 1 shows concentrations during cleaning for seven state of
Michigan facilities, These range from 54 up to 145 mg/1 TSS, involving cleaning activities
lasting 2 to 6 hours.

The 1998 studies by Boardman et al, agree well with studies carried out in 1972. Tables 1 and 2
also show much agreement for TSS concentrations under normal, routine operations, showing
average values of 2.88 mg/1 �972! and 3.00 mg/1 �999 and 2000!, Mean values for TSS for the
three trout farms evaluated by Boardman et al were 3.9, 3.9 and 6.1 mg/1 respectively, The
ranges for the Michigan facilities are 1.0 to 6.1 mg/1  Table 1!, for the Pennsylvania facility 0.6



to 5.7 mg/l  Table 2!.
By the way, the negative TSS value of -0.9 mg/1 in Table I for Baldwin indicates that the
raceways trap solids from the source  river! water. In other words, incoming TSS concentrations
are greater than the effluent concentrations  river velocities are greater than raceway velocities!.
This phenomenon has bee reported elswhere.

Table 2 lists the monthly NPDES monitoring values for BOD, TSS, TAN, and TP for 1999 and
2000, from the Big Spring fish culture facility operated by the Pennsylvania Fish and Boat
Commission, The facility operates two groups of 40 concrete raceways, each group consisting
of 8 parallel raceways, arranged in a 5-pass fashion. The flow from the upper 40 units, can be
directed to the lower block of 40 units for another 5 passes. The first column of Table 2 lists the
NPDES monitored values for BOD, TSS, TAN, and TP, the second column gives the projected
values based on the following generated values per kg feed:

BOD � 0.340 kg �40 g!
TSS � 0.300 kg �00 g!
TAN � 0.030 kg �0 g!
TP - 0.005 kg � g!

The third column lists the percent differences between NPDES and the theoretical values.
Phosphorus shows a somewhat higher average NPDES concentration then the theoretical value,
but the NPDES report for BOD, TSS, and TAN are, on average, 64, 53 and 50'/0 less than the
theoretical, feed-based values. This is not that surprising for BOD and TSS but difficult to
explain for total ammonia nitrogen in solution, Both effluent BOD and TSS concentrations can
be expected to be less than predicted because of the settling characteristics of raceways. As a
matter of fact, it appears that at least 50'/0 of the solids end up at the bottom of the raceway and,
if it was not for fish activity stirring these up, nearly 100'/0 could be intercepted. It is a matter of
knowledge among fish culturists familiar with raceways that these units can be almost self-
cleaning if occupied by many large fish constantly stirring up the solids, at the same time
destroying the integrity to the point where re-settling would require a very large settling pond.
These have been used with raceways. Such large basins are difficult to clean. Not practical.

Studies by Cho et al, 1991, comparing theoretical feed based values for TSS, TAN and TP with
effluent water quality monitoring, found the opposite for TSS, i,e, a greater value for the water
chemistry analysis than the theoretical feed based value. This difference was 16'/0. The study
was conducted with 4 m x 4 m square fiberglass tanks with rounded corners and a center bottom
drain. In other words with a circulating fish rearing unit.

Obviously there are major differences between plug-flow and circulating rearing units, Findings
by Cho et al, are opposite to those reported for raceways, i.e. higher TSS values versus lower
values when predicted based on feed input. Routine monitoring of raceway effluents for TSS
range, most of the time, from about 2.0 to 4.0 mg/I  Tables 1, 2 and Figure 3!, these are almost
always well below maximum NPDES values. Concentrations for TAN range from 0.05 to 1.00



3. Self-cleaning raceways

Westers, 1991 described the use of baffle in concrete raceways to make them self-cleaning.
Baffles are thin plates positioned throughout the length of a raceway spaced apart at distances
equal to the width of the raceway. They extend to, or above, the water surface and leave a gap
between the bottom edge of the baffle and the raceway floor of 6 to 10 cm. As the bulk of the
water passes through this narrow gap, the velocity increases, The goal is to create velocities
from 15 to 30 cm/s, sufficient to move solids to the next baffle. Settled solids are continuously
moved along to the fish retaining screen. Once there, they pass through the screen. As the water
passes through the screen, the waste particles are separated and, subsequently, settle very rapidly
in the quiescent zone. This zone, the sediment trap, is no longer than the width of the raceway
 Figures 5 and 6!. Detention time is only a few minutes, yet the bulk of the solids �5 to 85'/0!
settle out most deposited immediately behind the screen. The presence of these screens help in
creating a quiescent  non-turbulent! area within the trap, thus optimizing the settling of
suspended solids. Because of the trap's limited storage capacity, solids may have to be removed
as often as weekly, but, of course, this depends entirely on the feed input. Baffles do work and
they work well in concrete raceways, but not in earthen ones. An overall raceway velocity of 3.0
cm/s �.10'! is desirable. This method of waste management has not caught on for these reasons:

Baffles interfere with managing the facility in particular where frequent harvesting is
practiced from the raceway, This requires removal of these structures, which is viewed as
very labor intensive,
Baffles provide surface areas for nuisance growth, bacterial and algal,

a!

b!

In countering these objections to baffles, it is very important to understand the function of the
baffles and their basic construction and installation requirements.

Baffles are intended to make the raceway "self-cleaning" of fecal matter and waste feed, Baffles
do not prevent biological growth on the raceway floor and sides. This growth will also occur on
the baffles themselves, Raceways without baffles are routinely cleaned to remove accumulated
waste. At the same time the brooms are oAen used to remove the growth from the bottom and
the walls as well..."while we are at it," Fish culturists have been conditioned to keep raceways
clean. Baffles will not perform that function, they will only "sweep" out the loose solids, not the
attached growth. For most fish culturists this means that baffles really are not self-cleaning
because they still have to go in with brooms to remove nuisance growth, not only attached to the
floor and sides, but to the baffles as well. Thus, instead of baffles saving labor, they add labor

mg/1  Tables 1, 2 and Figure 4!. Similar values for TSS and TAN for three raceway flow-
through trout production systems have been reported by Boardman, et al 1998, Again, these
values are well below theoretical ones based on feed. Raceways require periodic cleaning to
remove the accumulated waste, Removing these solids also help in reducing nutrient loadings.
Raceways must be designed to include the capability to divert cleaning flows to sludge collection
systems for storage and future processing.



for cleaning. In addition, baffles interfere with harvesting and handling fish as well. Conclusion,
baffles are too labor intensive.

Is it important to remove the algal and bacterial growth? This biological activity uses some of
the dissolved nutrients and aid in purifying the water, rather than degrading it. In other words,
water quality-wise, such growth is not harmful, rather the opposite. But it looks bad, raceways
look dirty, it is a poor reflection on the fish culturist. So what! Fish culturist produce fish. Why
waste time on removing such growth. The practice with Michigan's state hatcheries is to operate
a full, one year production cycle without ever putting a broom into the raceway. They are only
cleaned before the next cycle starts. A pressure washer can quickly clean the baffles.

Baffles do interfere with operations such as harvesting, sorting of fish, etc. Construction and
installation of baffle must allow for easy and quick removal and re-installation. Baffles are not
much more than heavy curtains hanging in the raceway. They can be constructed of very thin
aluminum sheets, The top and bottom should be rolled to provide stiffness and avoid sharp
edges as well. A stiff rod can be pushed through the rolled portion to hang the baffles from, as
the rod ends rest on the raceway walls. Rods can also be bent 90" up out of the baffle and again
90' some distance up to permit baffles to be even or just below the surface of the water to
expedite feeding. One person can easily and quickly remove and re-install the baffle, but if too
bulky, two persons can perform this task very quickly, Weight should be no issue.

The benefits of baffles in managing solids are too great to be ignored. Culturists have to make
some adjustments in their raceway cleaning habits. This means no brooms, no fish disturbance,
no labor required for cleaning.

Baffles, so managed, result in a net saving of labor while performing an important task in
managing solids, the most critical waste component in fish production.

The waste collected in the sediment trap at the end of the raceway can either be pumped out or
drained to a solid storage facility for future processing.

4. Circular rearing units

Design and management of aquaculture systems are the critical factor leading to reduced waste
output, provided they are affordable.

In contrast to raceways, round tanks can be self-cleaning, they can function as swirl settlers.
When provided with two separate discharges, solids can be removed by means of a fraction of
the total flow while the bulk of the flow, relatively free of suspended solids, can be reused.

The relatively small discharge through a central bottom drain can move concentrated solids,
relative1y intact, to a solids interception system consisting of micro-screens and/or settling basin.
This flow can be as low as 5'/0 of the total flow rate, while 95'/0 of the flow is discharged from



an elevated drain  Summerfelt, 1998!. This water can be reused, either in serial reuse fashion
and supplemented with new water to replace the 5'/p lost, or design can be one of partiaI
recirculation. Double drain circular rearing units can be very effective in managing solids. The
more or less instant removal of these solids from the waste stream can contribute to reductions of

nutrients as well. This relatively new approach for flow-through trout production appears to be
rather promising with respect to efficient use of water and effective waste management.

Figure 7 shows a circular tank equipped with dual drains, an upper side-wall drain and a central
bottom drain,

IV. DISCUSSION

Effluent water quality measurements  such as NPDES records! for BOD, TSS, TAN, and TP
from most flow-through fish production systems do not present reliable quantitative information
about such waste components. In most cases such data does not match up with projected values
based on feed input. As was stated earlier, in intensive aquaculture systems, feed can be
considered the sole source of all waste.

Figure 8, courtesy of Fish Pro, quantifies the contribution of selected waste parameters per kg
]:eed. Such values are somewhat diet dependent and efforts have been underway to reduce such
values, These "low-polluting," nutrient-dense and high-energy diets have indeed been successful
in lowering the outputs, as pointed out earlier, To help farmers in their efforts to become more
efficient in feed/waste management, it would be helpful to label feed. Such labels could indicate
that, under a set of "standard" procedures, that particular diet can be expected to accomplish a
feed conversion of 1.0 and generate specific amounts of selected waste components. If, instead
of a feed conversion of 1.0, the farm realizes a feed conversion of 1.5, the assumption can be
made that a significant portion of the feed remained uneaten. All of the wasted food, the solids,
the nitrogen, and the phosphorus would contribute to the pollution of the water.

It has been estimated that a feed conversion increase from 1,0 to 1,5 increases the COD by 186 10,
ihe TN by 70'/0, and the TP by 86'/0  Bergheim, et al 1991!, Feed loss can be, and probably often
:,s, a major contributor to aquaculture waste under farm conditions.

In flow-through trout production systems, where ponds fimction as settling basins, effluent
concentrations of TSS, under routine conditions, under estimate the production of this waste
component,

V. IN SUMMARY

The best available technology for waste management in trout flow-through production systems
depend on design and management flexibility, The following recommendations are presented:

1! Earthen ponds should have the ability to drain down to the level of the accumulated



sludge. This should be pumped to an appropriate sludge storage or processing facility.
Concrete raceways must have the flexibility to divert cleaning flows, as well as similar
"shock loadings," to appropriate settling basins, or, where equipped with baffles the
raceway should have a relatively small sediment trap or quiescent zone from which fish
are excluded. Sediment traps should be emptied before slouching of solids, due to
buildup, occurs,
Round tanks shouM have a double drain design to allow continuous removal of TSS by
means of a relatively small waste stream through a bottom drain. This waste stream can
either be treated with micro-screens or settling ponds. Double drains tanks can be
arranged in serial reuse or operated as partial reuse system.
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Table 2. NPDES monitoring data from Big Spring, PA state fish hatchery, a concrete raceway flow-through
salmonid production system. NPDES values are compared with theoretical values based on feed input  Fd for
feed!. Differences are expressed in percent  see text!.

T-PHOSPBOD TANTSS

MONTH/YR
Fd0/ FdFd 0/

0.38 0.84 55 0.10 0.14 29

0.56 0,75 13 0.] 3 0.13 0.0

2.9 9.5 69 2.0 8.4 76

4.0 8.6 53 3.0 7.5 60

1/99

2/99

0.59 0.64 8 0,] 5 O. l ]4.5 7.3 38 1.0 6.4 84

2.8 5.8 52 3.0 5.1 41

3/99 -27

4/99

31 Z.G 2.8 293.22.25/99

6/99

7/99

8/99

2.5 6.7 63 2.0 5.9 669/99

10/99

1]/99

12/99

0.43 0.94 54 0.22 0.16 -371/00

0.49 0.72 32 0.24 0.12 -] 0051 4.0 7.2 449.62/00 4.7

0.47 0.68 31 0.2] 0.1] -913/00

4/00

5/00

79 2.0 4.3 535.76/00

1.5 6.5 77 2.0 4.8 58

3.1 7.4 58 4.G 5.6 29

7/00

8/00

3.2 9.0 64 7.0 6.7 0.52 0.67 22 0.12 0.119/00

5.2 11.9 56 5.0 8.9 44

5.7 ]0.9 48 4.0 8.2 51

0.50 0.89 44 0.27 0.15 -9310/00

0.79 0.82 4 0.20 0.] 411/GG -38

12

1.5 4.6 67 2.0 4.1 51

1.6 5.2 69 0.0 4.6 >100

0.6 5.3 89 3.0 4.7 36

26 76 66 30 67 55

29 85 66 40 75 46

4.3 8.6 50 1.0 7.6 87

2.3 12.5 82 4.0 9.4 57

4.6 9.1 49 5.0 6.8 26

1.8 8 5 79 1.0 6 4 84

14 55 75 20 41 51

0.36 0.51 29 0.09 0.09 0.0

0.26 0.28 7 0.04 0,05 20

0.22 0.41 46 0.03 0.07 57

023 046 50 005 GGS 38

032 047 32 007 008 12

0.34 0.59 42 0.09 0.] 0 ] 0

0.37 0.67 45 0.09 0.11 ] 8

0.49 0.75 35 0.06 0.13 54

0.47 0.76 38 0.19 0.13 -31

0.25 0.64 61 0.05 0.1] 55

0.31 0.41 24 0.] 1 0.07 -57

0.12 0.43 72 0.05 0.07 28

0.20 0.48 58 0.06 0.08 25

0.35 0.56 38 0.] 4 0.09 -56



-7642 0.656,0 10.313 7 743.6 0.30 0.171.03 3712/00

-183,0 6.4 0,13 0,112.9 0.64 +50+53 0.328.0 +64

'The plus sign for average values rndicate theoretical, feed based, values are greater than NPDES values. The negauve
s>gn is the opposite and is only true for TP.
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Figure 1. Flow Through Trout Rearing System
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Figure 3. B>g Spring Mistoricai Effluent Concentrations

Figure 4. Big Spring FCS Histroical Effluent Concentrations f12 Years of Data!
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Best Waste Management Practices for the Alligator, Crawfish and Turtle Industries

C, Greg Lutz
Louisiana State University Agricultural Center
Aquaculture Research Station
2410 Ben Hur Rd.

Baton Rouge, LA 70820

Although not necessarily considered "typical" aquacultured crops, alligators, crawfish
and turtle hatchlings are all well-established, high-value industries within Louisiana,
Each has its own unique nuances in terms of production management and potential
environmental impacts, but all can be easily characterized within a best management
practice  BMP! framework in terms of their feed, water, and energy inputs as well as
their potential for effluent production, Although formal BMP's have not been well-
defined for any of these production species, a review of current production practices
allows for a rational discussion of potentially beneficial practices. Accordingly, each
species will be addressed separately below.

Alligator Production
Alligator farming has grown significantly in Louisiana over the past 2 decades, with
farm-gate values approximating $12 million in recent years. This form of aquaculture, as
practiced in Louisiana and other southeastern states, involves raising alligator hatchlings
to marketable size entirely under indoor confinement, Similar-sized alligators are raised
together in groups in insulated "houses," with open floors divided between higher,
exposed areas and lower, inundated pools. Houses, and the standing water within them,
are maintained at approximately 30 C to promote growth. In this way, alligators can
reach marketable lengths of 1.2-1,4 m in 14 to 18 months. Under natural conditions in
Louisiana, most alligators would require 3 to 4 years to attain this size.

In additional to a warm, humid growing environment, farm-raised alligators require
generous quantities of high protein feed. In recent years, the industry has moved away
from unbalanced protein sources such as chicken mortalities, flu-bearer carcasses, and
fish wastes and widely adopted dry, artificial rations. Alligators generate high levels of
ammonia in their waste, reportedly excrete 4 to 5 times more ammonia per equivalent
body weight than humans  Coulson and Hernandez 1983!. Within an alligator house,
waste excrement accumulates in the stagnant pools of water in the floor, requiring pens to
be flushed clean on a daily basis, In this way, however, large volumes of wastewater are
typically generated  approximately 6 liters per alligator per day!, As a result of daily
draining and flushing, large amounts of heat can be lost through effluent discharge at
certain times of the year, requiring heating of replacement water prior to re-filling houses,

Alligator Waste Treatment Practices
At this time, alligator farms in Louisiana must treat effluents on site or dispose of them
through existing wastewater systems to comply with established water quality standards.



Most Louisiana alligator farms are located in rural areas without access to municipal
wastewater treatment. Accordingly, many utilize sludge pits and facultative lagoons for
wastewater treatment, often in conjunction with land application or infiltration and these
facilities are sized to provide adequate detention times to protect surrounding watersheds.

Alternatives treatment technologies have been evaluated for alligator effluents, Pardue et
al. �994! examined the exclusive use of land application as a means of treatment. The
rationale for this evaluation was the potential to simultaneously utilize multiple treatment
processes, such as adsorption, absorption, filtration of solids, precipitation, microbial
uptake and degradation. The alhgator house effluent they sampled resembled municipal
domestic wastewater in both high biological oxygen demand and P concentrations, but
contained much higher levels of N  approximately twice as much! due to high ammonia
excretion rates.

While land application using overland flow consistently removed BOD5 and N, over a
20-day period the removal of total soluble P became increasingly inefficient, presumably
as a result of anaerobic conditions due to inundation and high BOD5 loading. Based on
system performance, the authors determined that a 2000-head alligator farm would
require a land application area of approximately 0.16 ha to adequately treat effluents prior
to release into the surrounding watershed. One potential problem was cited relating to
long term performance: the ability of the system to retain P, Since this element is not
converted to gaseous form the only mechanism for permanent removal would be through
the harvest of vegetative cover on the land application area. Additionally, avoidance of
anaerobic conditions was considered essential to maximize system efficiency and
expected performance lifetime.

Delos Reyes et al. �996! evaluated the effectiveness of water recirculation using floating
bead filters to reduce water and energy use in commercial alligator production. The
addition of biological and mechanical filtration greatly reduced water and energy
requirements, but difficulties were cited in terms of retrofitting current technology to
utilize recirculation approaches, In a related study, Langlinais and Soileau �996!
reported an annual operating cost reduction of roughly 65 percent associated with
converting conventional flushing management to recirculation, even when taking into
account the annualized costs associated with required equipment purchases.

Crawfish Production Practices and Effluent Considerations

Crawfish culture in Louisiana is a $30 million per year industry, based on
self-perpetuating populations in shallow ponds and impoundments managed to simulate
annual hydrological and vegetative cycles in the species' natural habitat.
New-established ponds are initially stocked with adults during spring or early summer
while partially flooded. Ponds are subsequently drained to force crawfish to burrow into
levees and, to a lesser extent, the pond bottom,

In many parts of south Louisiana it is not uncommon to dig a hole for, say, installation of
a fence post or some other purpose, only to find it half-full of water the following day.



When faced with receding surface water, crawfish normally burrow to a depth at which
water will seep in from the stnrounding soil, which is typically at depths of 30-60 cm in
many areas where crawfish are farmed in Louisiana. Burrows are often capped with
excavated mud, for protection and/or to conserve moisture and humidity. To survive
within its burrow through the summer, a crawfish occasionally dips into the standing
water at the bottom of the burrow to moisten its gills and subsequently sits motionless
several inches above the water level, relying on the air trapped in the burrow as a source
of oxygen. When its gills become too dry, it moistens them again. Metabolic activity
drops to a very low level, but many mature females lay their eggs while burrowed,
beginning around late August through December.

During summer and fall months, a forage crop of rice or natural vegetation is grown in
the pond bottom as crawfish broodstock aestivate in burrows. In mid- to late fall, ponds
are flooded to provide habitat for broodstock and newly-hatched juveniles emerging from
burrows, providing a population for the new season=s crop. Once a crawfish pond is
reflooded in the fall, inundated vegetation serves as the basis of a detrital food chain.
Frequent flushing, however, is required to offset the high oxygen demands generated by
rapid decomposition of vegetation early in the season.

In the past, many producers utilized baffle levees in an attempt to maximize the benefits
derived from flushing their ponds, but this practice still required pumping large volumes
to improve water quality, due to dilution with poor quality water throughout the pond, In
recent years, a modified fall flushing approach has been adopted by many producers.
After initially flooding the established vegetation to a depth of 25 to 30 cm, roughly 10 to
15 cm of water is drained off the field. This process is then repeated one to several times
prior to establishing a permanent flood to a depth of 30 to 40 cm. In this way, significant
savings in pumping costs are usually realized, as well as significant reductions in water
use and effluent generation.

As water temperatures cool with the onset of winter, flushing becomes less of a concern,
Warmer temperatures associated with the following spring, however, often require some
water exchange to maintain adequate levels of dissolved oxygen, At this time, the
activity of crawfish populations generally results in high levels of suspended clay
particles, which are discharged whenever water is exchanged. Additionally, regular
harvesting activities during the spring tend to disturb pond sediments. As a result,
effluent quality during the spring is somewhat poorer than during the fall, although
flushing volume is often far lower, Innovative flushing practices, relying on releasing
stale water prior to pumping fresh supplies, are also becoming increasingly common
during springtime.

Since most of the problems associated with springtime effluents in crawfish production
relate to the high levels of suspended clay particles, a number of practical approaches to
effluent improvement are being considered by industry and researchers. These include
encouraging the growth of natural aquatic vegetation to serve as in-pond buffer zones or
strips, surrounding drain outlets. Another approach involves the use of single or multiple
porous walls, filled with gravel, around drain outlets, Since crawfish ponds are generally



shallow, this approach does not require complex engineering to construct effective
barriers to water flow.

Turtle Hatchling Production
Turtle farming has been practiced for decades in Louisiana, developing around the
controlled production of baby turtles, specifically red-ear sliders, for sale as pets.
Production of baby red-ear sliders involves holding large numbers of breeding adults at
high densities in outdoor ponds. Pond banks are typically hard clay, but may be covered
with plastic material to prevent erosion caused by turtles climbing in and out of the water.
Under some circumstances, plastic liners can be too slick or smooth, making it difficult
for turtles to move about freely. Pond banks are occasionally overlaid with concrete, but
this material can cause excessive damage to the turtles' ventral shell surfaces.

Breeding ponds are surrounded with flat areas of sandy soil arranged to provide nesting
grounds. Access to laying areas is controlled by removable fencing or bales of hay at the
top of the pond bank. Heavy clay soils in nesting areas are usually amended or covered
with lighter, sandy soils. River sand is often hauled in to provide an optimum nesting
medium. The soft texture of the sand and its tendency to pack together makes it easier
for laying females to dig nests. Sandy soils also provide better drainage if excessive
rainfall occurs.

Brood pond sizes range widely in Lotusiana. Mean and median values reported by
Hughes �999! were 1.1 and 2 hectares, respectively. Pond- and laying-area perimeters
are typically enclosed with sheet metal fencing to prevent straying and discourage
predators. Turtles are easily frightened, so fences are usually tall and rigid enough to
prevent broodstock from seeing outside the pond enclosure. Fences are inspected
regularly and maintained to prevent loss of breeding turtles and exclude potential
predators.

Broodstock are generally collected from the wild or, occasionally, purchased from other
turtle farms. Adult turtles are stocked at 18,500 to 37,000 head per water-hectare. Even
when raised in captivity, brood turtles often require 1-3 years to become acclimated to
breeding ponds and reproduce reliably. Brood turtles are typically fed floating catfish
feed �8 percent protein!, although some producers use specially-formulated rations  see
broodstock nutrition section below!, Daily feeding allowances vary, depending on
seasonal temperatures. Feeding rates may reach more than 40 mt per hectare per year,
resulting in poor water quality due to high levels of fertility. Nonetheless, this equates to
very small amounts of food on a per-turtle basis.

Effluent Considerations � Turtle Brood Ponds

Most practical approaches to reducing effluent impacts from turtle ponds mirror those
developed for catfish production, Most turtle producers operate their brood ponds for
many years without draining, and many practice water management techniques that allow
for capture and storage of rainfall. Few flush their ponds under any circumstances, so
that most effluents are associated with rainfall events. When ponds must be drained,



appropriate water retention can be expected to improve the quality of effluents
substantially.
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