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Abstract In 2008, we conducted one swimming performance and metabolism study and one transportation study on the
golden shiner, Notemigonus crysoleucas. During field work for these experiments, we consulted baitfish farmers, observed
harvests, and participated as workers in actual in-vat grading events. We concluded that the physically demanding in-vat
grading process could be improved by mechanization, so we developed a prototype systembased on existing grading panels.
We constructed a gantry system to raise, lower, and pull grading panels through the length of a rectangular holding vat.
Electrical power for the prototype was provided by a 12-volt marine battery. We conducted three successful fish grading
events. The grading panel remained in contact with the vat floor and vat walls at all times. No fish evaded the panel by
swimming under or around the panel, and all unwanted animals such as crawfish and tadpoles were captured. After one of the
tests, the farm manager reviewed the graded fish, approved the grade, and immediately loaded the fish for shipment to a
customer. A limited benefit-cost analysis indicated that the benefit of mechanization during the first year of operation was
approximately US$8,600. The golden shiner Notemigonus crysoleucas is cultured for use as live bait by anglers. Golden
shiners are harvested from ponds containing a mixed-size population, and are placed in rectangular holding vats, where they
are sorted into specified weight categories. Workers on Arkansas baitfish farms typically sort golden shiners by physically
pulling rectangular panels comprised of a set of uniformly spaced vertical rods through a vat holding as much as 400 pounds
offish. We developed and tested a device that replaces physical effort with machine powerto accomplish the grading process.
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1. Introduction

An aluminium frame fitted with uniformly spaced rods or
bars (Figure 1) is typical of bar graders used to sort a mixed
population of the golden shiner Notemigonus crysoleucas
into more homogeneous groupings. Since there is no
industry standard for holding vat dimensions, grading panels
are custom fitted to a given set of holding vats (1). The 71 x
30 in panel shown in Figure 1 is designed to fit a rectangular
concrete holding vat having inside width of 72 in. The
flexible material attached to each end of the grader fills the
space between the ends of the panel and the vat wall

Workers use the attached ropes to pull the panel through the
length of a vat that may hold up to 400 Ib of golden shiners.
The number 16 on the panel indicates that the space between
each bar is 16/64th in. This grading panel will separate fish
having mean weight > 6 Ib per 1,000 fish froma mixed-size
population. (1, 2).
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Figure 1. A grading panel designed for use in a rectangular concrete
holding vat. Uniformly spaced rods prevent golden shiners Notemigonus
crysoleucas having cross-section greater than 16/64 in from swimming
through. Flexible strips attached to each end prevent fish from swimming
around the panel. Workers use the ropes to pull the panel through a vat
containing up to 400 1b of fish

To the casual observer, the act of ‘pulling a grader’
appears to be just that. Subtle nuances become apparent,
however, when one actively participates in the grading
process. When using a panel of the type shown in Figure 1,
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each of the two workers must exert downward force on the
top of the panel, while pulling the panel through the vat. At
the same time, each worker must be aware of the position of
the panel with respect to the vat walls. If inadequate
downward force is applied, then contact between the panel
and the vat floor may be lost, and fish can evade the grading
bars by swimming under the panel. If the sealer strips lose
contact with the vat walls, then fish can evade the grading
bars by swimming around the ends of the panel. (6,7)

Because mechanization of the in-vat grading process is
possible, we established criteria for a prototype. We
envisioned a self-propelled, wheeled device (similar to a
gantry crane) that rolled along the tops of'the vat walls. The
apparatus must be compatible with existing grading panels,
and should eliminate the need for workers to pull panels
through the vats. Review of scientific literature revealed no
examples of a device of this type, so we developed a proof of
concept for a mechanical grading system.

2. Methods

We conducted an informal survey of holding vat sizes
during visits to a number of Arkansas baitfish farms and
found no standardization of vat dimensions. Development of
a 'one-size-fits-all' device was impractical, so we decided to
tailor specifications for the prototype to vats on one farm.
The owners of Harry Saul Minnow Farm, Inc., De Valls
Bluff, Arkansas, allowed us to work in their holding and
grading facility (5). Rectangular concrete vats at the Saul
farm have 6.5 in wall thickness, an inside width of 6 ft and
length of 38 ft. Depth of each vat varies from 28 in at the
shallow end to 30 in at the deep end.

We assembled a towing cart from a heavy-duty, wheeled
utility cart, a 12 volt DC (VDC) sealed marine battery, and
an all terrain vehicle (ATV) winch. On each test, we placed
the cart against the vat wall at the outlet or deep end of a
given vat, and winched the device through the length of the
vat.

We field tested four versions of the mechanized grader
under a pass-fail evaluation criterion. A successful design
would keep the sealer strips in contact with the vat walls and
keep the bottom edge of that panel in constant contact with
the vat floor. We conducted one test in a dry vat, two tests in
vats containing water, but no fish, and three actual fish
grading events,,.

3. Results and Discussion

Design of the prototype was an iterative process. The
Mark I was comprised of a light-weight, wheeled framework
that used clamps to hold the grading panel. An in-vat test
showed that the 14-in wheel base was inadequate and that the
light weight frame provided insufficient mass to resist the
tipping force caused by movement through the vat. The
clamps did not adequately secure the grading panel, and the
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3-in wheels were unsatisfactory.

Figure 2. The Mark II prototype tested guide strips (rectangular high
density polyethylene (HDPE) pieces bolted to each end), polyurethane
wheels (5-in diameter x 2-in width), and panel holding devices (large,
slotted panels of HDPE)

The Mark II (Figure 2) was constructed from wood and
high density polyethylene (HDPE). We increased the wheel
base to 21 in, replaced the 3-in. diameter nylon wheels with
polyurethane wheels having 5-in diameter and 2-in width,
and fabricated guide strips and a set of panel holders from
sheets of HDPE. A limited test of the Mark I in a dry vat
revealed that the panel holders were poorly designed, and
that the guide strips did not keep the wheels on the tops ofthe
vat walls.

The Mark IIT (Figure 3) used the I-frame design of the
Mark I, but included a u-shaped push bar that extended to
within 2 in of the floor at the shallow end of the vat. We used
8-in extruded aluminium channel for the cross-bar and
constructed push bar supports from extruded aluminium
angle and aluminium plate cut in the shape of Isosceles
triangles (Figure 4). We used the 21-in wheel base and 5-in
diameter x 2 in wide polyurethane wheels from the Mark II,
and replaced the guide strips with horizontal stabilizer
wheels.

Figure 3. The Mark Il was the first version constructed from extruded
aluminum components. The 5-in x 2-in polyurethane wheels tested on the
Mark II proved satisfactory for use on the tops of the vat walls and as
horizontal stabilizers
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Figure 4. Supports designed for the push baronthe Mark I1I. The supports
were comprised of extruded aluminum angle and 0.125 in thick aluminum
Isosceles triangles. These supports were also used to reinforce the draw
works onthe Mark IV prototype. The design shown in this figure is complex
and assembly is time consuming. The authors suggest that individual
builders substitute a simpler design of their choice

We tested the Mark I in a vat filled with water, and then
graded a mixed population of fish. The grading panel stood
upright and the flexible sealer strips remained in contact with
the vat walls. The bottom edge of the panel remained in
constant contact with the vat floor, and no fish swam under
the panel. The farm managerapproved the grade, and the fish
were immediately loaded on a transport truck for delivery to
a customer. In spite of its excellent performance, we rejected
the Mark IIT because of a fatal design flaw. The fixed push
bar made the device unwieldy, and in our opinion, created a
potential safety hazard.

The Mark IV (Figures 5 and 6) was the final version of the
prototype grading system. We made extensive use of §-in
extruded aluminium, increased the wheel base to 41 in, and
added a draw works and a 12VDC hoist to raise and lower a
simp lified push bar. The push bar supports for the Mark III
were too complex, so we used 8-in channel for the Mark IV
(Figure 7). Our fastener of choice was the 0.5-in x 13 thread
stainless steel hexhead bolt.

-= -
Figure 5. The Mark IV (proof of concept)
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Figure 6. Oblique view of the Mark I'V showing stabilizer wheels and the
limit switch (the small box at the top of the draw works). The columns
reinforcing the draw works were components used in the Mark III. Please
see Figure 6

Figure 7. The simplified u-shaped push bar designed for the Mark I'V. The
push bar supports and the bridge are 8-in extruded aluminum channel. The
push bar and flanges are 2 x 2 x 0.25 in extruded aluminum angle

After damaging the draw works during a test, we installed
a limit switch (Figure 6) to cut power to the hoist at a
specified height. We used the supports from the Mark III
push bar (Figure 4) to support the Mark IV draw works
(Figures 5 and 6) during the field test, but we believe that a
simp ler design (of the builder's choice) would be more cost
effective.

We tested the Mark I'V by grading and crowding two vats
of fish at Harry Saul Minnow Farm, Inc. The panel remained
in contact with the vat floor at all times, the vat floor behind
the panel was swept clean, no fish swamunder or around the
panels, and unwanted animals such as crawfish and tadpoles
were crowded at the deep end of the vat. The Mark IV
weighs approximately 425 1b, and its cost at the time of
development was US$4,800 (Table 1).

We performed a limited benefit-cost analysis in which we
assumed that mechanization of the grading process with one
Panel Pusher allowed a farmer to reduce labor needs by one
farm worker. Atahypotheticalbaitfish farm, payroll expense
for one worker was $14,600 (2,080 h/year at the federal
minimum wage of US$6.55/h (3) plus Social Security taxes
0f7.65% on gross wages (4)). Contrast of payroll expense to
the cost ofthe mechanical grading system(US$5,000) and an
arbitrary estimate of operating expense (US$1,000),
indicated that the benefit of mechanization during the first
year of operation was approximately US$8,600.
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Table 1. Bill of Materials for the Prototype of a Mechanical Device
Designed to Push Bar Graders Through Rectangular Concrete Vats
Unit Total
Component Quantity Cost Cost
($US) ($US)
Extruded Aluminium -
6061-T6 8 in chapnel, tapered 38 ft 26.00 088
leg, sloperatio=1/6
6063-T6 1.75x 4 x
0.125 in rectangulartubing 181t 15.00 270
6063-T5 2 x 2 x 0.250
in sharp edge, equal legangle 38 ft 8.00 304
6063-T§ 2 x 2 X 0.125 27 700 189
in squaretubing
I x 1 x 9.125 in square 6 fi 300 18
tubing
Aluminium Plate -
3003 0.125x 13x
30.3125 in 2 35.00 70
Stainless Steel Hardware -
Bolts, nuts, washers, lock B _ 400
washers (0.5 in x 13 Thread)
EyeNuts:0.5nx 13 2 10.00 20
EyeBolt: 0.5inx13x2in 1 25.00 25
Sheaves: 3 in w/ 0.5 in bushing,
0.25 in cable capacity 2 28.00 26
Screw pin anc}ilgr shackles, 0.5 5 35.00 70
5x 2 in 60D polyurethane
wheels w/Delrin bearings 8 25.00 200
Warn® DC1200CF 12VDC
hoist w/ 0.1875 in cable ! 75000750
Warn® 2.5 series 12VDC ATV
winch w/0.1875 in cable ! 300.00 300
Optima® D31M §ealed, deep ) 200.00 400
cycle 12V marine battery
Portable, adjustable height,
hydraulic lift table ! 20000 500
Limit switch w/ lever arm 1 105.00 105
#2 electrical cable 22 ft 2.00 44
Electrical connectors, lugs, nuts,
. - - 50
washers, tape, shrink wrap
Towing strap, 8 ft 1 44.00 44
Total - - 4803

Mention oftrade names or
commercial products inthis
article is solely forthe purpose
of providing specific
information and does not imply
recommendation or endorsement
by the authors.

4. Conclusions

The field work we conducted on a working baitfish farm
provided us with practical experience and valuable insights
into technical aspects of golden shiner culture. We learned
that “pulling a grader” is physically demanding and the task
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also requires mental alertness. We were convinced that the
task could be mechanized, so we developed our prototype.
The prototype discussed in this paper was success fully tested
on three actual grading events. It was most gratifying when
the farm manager reviewed our work, approved the grade,
and sent our graded golden shiners to a customer. Our
limited or informal benefit-cost analysis indicated a benefit
of approximately US$8,600, which was caused by reducing
labor need by one worker. Due to differences in holding vats,
equipment, and farming philosophy among baitfish farmers,
we have presented a proof of concept, not a panacea. We are
certain that an interested aquaculturist can improve upon our
efforts.
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