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Introduction: 
These light-based traps were designed and built as the Lake Superior Reserve 2019 Freshwater Fellow’s 

individual research project. The traps were tested against vertical plankton tows for their effectiveness 

in detecting Bloody Red Shrimp (Hemimysis anomala), a new nonindigenous species to the Duluth-

Superior Harbor. Traps were deployed across six sites with hardened shorelines from mid-July to mid-

August of 2019. Traps were positioned less than a meter above the substrate facing the shoreline and 

were deployed overnight. No bloody red shrimp were found at these sites during the study period. 

However, other studies indicate this nonindigenous species may indeed be present in the harbor. In 

2018, the U.S. Fish and Wildlife Service found 13 bloody red shrimp individuals across five sites near the 

northern shoreline of the Duluth-Superior harbor. There is great potential for the light-based traps used 

in this study to be an effective detection mechanism for bloody red shrimp and other species with 

known light preferences. This user guide shows how to use and build the trap, and potential 

modifications to capture other species.  

General Use – Bloody Red Shrimp 
Bloody red shrimp are pelagic organisms known to inhabit the interstitial spaces of cobbled substrate 

and hardened shorelines <50 m in depth as refuge during most of the day. This makes detection difficult 

with normal plankton sampling gear. At night the shrimp leave their refuge and enter open waters. Lab 

studies by Boscarino et al. (2012) have successfully determined bloody red shrimp’s light preference 

which is utilized in these traps. This section includes the study’s trap design/modifications, pre-

deployment preparations, deployment/retrieval tips, and how to construct the trap and stability frame. 

Trap Design/Modifications 
Figure 1 shows the trap design used in Brown et al.’s study (2017). This was the prototype for this 

project. Modifications shown in Figure 2 were added to provide stability and orientation abilities. 
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Pre-Deployment Preparations: 
 

Flashlight Attenuation: 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

We used a Princeton Tec AMP 1L submersible flashlight as our trap’s 

light source. The 100 lumen flashlight had to be attenuated as 

Hemimysis anomala are attracted to a dimmer light source that 

seems to mimic twilight. Studies have measured this light intensity to 

be 0.0046 μmol/m2 (1.0*10-3W/m2s, 0.31 lx, 1.96*10-3mylux) (Brown 

et al. 2017, Boscarino et al. 2012).  We used scotch tape and a black 

sharpie to dim the flashlight. Another option to achieve attenuation 

would be a piece of black fabric. For this study, the bulb/reflector 

piece held within the flashlight was first removed (Figure 3a).  A piece 

of scotch tape large enough to cover the top of the bulb/reflector was 

colored over with the black sharpie 2-3 times and applied to the 

bulb/reflector piece (Figure 3b). Then, the flashlight’s light intensity 

was measured in a dark room/box with a submersible quantum (PAR) 

light sensor approximately 30cm away from the flashlight. The goal is 

to get to a light intensity of 0.0046 μmol/m2 at the time of Hemimysis 

anomala emergence. If the intensity was still too high, another piece 

of colored scotch tape was added. A higher intensity of 0.008-0.010 

μmol/m2 may be acceptable if deployment locations have stained or 

turbid waters and/or there is up to 20 hours between deployment 

and Hemimysis anomala emergence times. This is because the 

flashlight’s intensity will diminish over time as the battery is drained. 

Measurements of the light intensities taken just outside of the 

deployed submerged trap at the different sites would allow for more 

accurate light intensity measures. Also, a plot of light intensity over 

time would be helpful to predict light intensities when there is 

substantial time between deployment and Hemimysis anomala 

emergence. 

a 

b 

Figure 3: Flashlight Details 

Stability Frame (shown fully in Figure 4) 

Two Eye Hooks to connect to stability frame 

Larger flashlight housing 

Metal (instead of nitex) 0.5cm*0.5cm 

chicken wire mesh (inside) 

Eye hook to attach stability weight 

Figure 2: Trap Design Modifications 

Top of soda bottle as a funnel 
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Trap and Stability Frame Preparation 

The following section outlines how to prepare and assemble your pre-built equipment so that 

deployment goes smoothly. The stability frame’s purpose in this study is to correctly situate the trap so 

that it is facing the hardened shoreline and less than 1 m away from the substrate and the hardened 

shoreline. The frame accomplishes this by leaning on the shoreline with the two legs and holding the 

trap away from the structure. The amount of line that is let out deploying the trap controls how close 

the trap is to the substrate. The completed set up is shown below in Figure 4. 

 

1) The paracord is threaded through the main vertical portion of the stability frame as shown in 

the picture below. Then a double alpine butterfly loop is tied at the bottom end. The loop is tied 

afterward as it does not easily thread through the   PVC. 

Double Alpine 

Butterfly Loop 

Step-by-step: 

1 2 3 

4 5 6 7 

8 9 10 11 

Source: https://www.animatedknots.com/double-alpine-butterfly-loop-knot

Figure 4 

https://www.animatedknots.com/double-alpine-butterfly-loop-knot
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2) The two loops are split apart and threaded through the two ends of a tee coupling. Then, the 

tee coupling is pushed onto the bottom of the stability frame. 

 

 

                    

3) The flashlight is attached to the trap by the cord on the cap of the trap. Screw open the trap’s 

metal quick link attachment and thread the smallest part of the flashlight loop (shown below) 

into the link and screw the link closed.  The flashlight can be turned on and pushed into the 

housing upon deployment. 
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4) Two quick links connect each of the eye loops on the top of the trap to the two loops of the 

paracord allowing the trap to continuously face the shoreline. A small weight (2-3lbs) may be 

connected to the third eye loop on the bottom of the trap to aid in stability shown by the 

orange rectangle in the picture below. 

 

5) The trap may be lowered into the water and secured on shore by the paracord.  Reference 

Figure 4 above to make sure the setup is accurate. Again, the trap opening should be facing the 

same direction as the stability frame’s legs (facing the hardened shoreline). 

 

Deployment Tips  

To ensure the trap is positioned adequately in the water you will first want to make sure all the air is 

purged from the trap before lowered down the water column. To do so, hold the trap just under the 

surface of the water with the trap’s plug out/unsecured. Allow all the air to purge and then plug the 

trap, sealing in the water. From here you can lower the rig down the water column slowly. This ensures 

that the trap rig leans against the shoreline and the trap faces the shoreline. It is also important to make 

sure the flashlight is turned on with adequate battery power before putting the trap in the water. Lastly, 

you will want to make sure the trap is less than a meter above the substrate. To do this, slowly lower the 

trap rig into the water and feel for the line to become slack. This will mean that the trap is resting on the 

substrate. Pull the trap line up about half a meter and the trap will be positioned correctly. 

Retrieval Tips 

You will need to collect the traps contents before sunrise the morning after deployment. This is because 

the bloody red shrimp will try to leave the traps to return to their refuge when it starts to get light out. 

The retrieval process is somewhat clumsy with the stability frame, but with practice the collection will 

run smoothly with minimal loss of the sample.  
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To collect the trap contents pull the trap rig up out of the water. Hold the trap funnel end up so the trap 

contents are contained. Position your container under the plug of the trap, then remove the plug to 

allow the trap contents to pour into the container. This sample should be preserved within 2 hours of 

collection.  

When preserving the sample,  first pour the raw sample through a 80-100μm mesh seive to separate the 

zooplankton from the water. Next, use a squirt bottle of distilled water to rinse the zooplankton from 

the seive to the preservation container. It is important to use the least amount of water as possible 

during this step. Water in the preservation container will cause the sample to slowly degrade. You may 

allow some of the sample to settle, decant water off through the seive and re-transfer the zooplankton 

that were captured in the seive. Once you are confident that the least amount of water was used to 

transfer the zooplankton to the preservation container, fill the rest of the container with ethanol to kill 

and preserve the zooplankton. Aim for ≥90% ethanol and ≤10% water in the final preserved sample 

solution. The samples may now be stored in a flammables cabinet/container until they are ready to be 

counted and/or scanned. 

Trap Construction 
Materials needed to construct one trap: 

- 4” Diameter, thin walled PVC pipe, 

20cm in length. 

- 8, 29cm long 1/2” diameter PVC pipe 

(Charlottes Pipe) 

- 4” thin walled PVC Cap 

- 1L clear plastic soda bottles 

- Five 1/2” tee socket PVC couplings 

- Princeton Tec AMP 1L Flashlight (100 

Lumens) 

- 3cm*3cm metal mesh with 0.5*0.5cm 

openings (stiff nylon/plastic will also 

work) 

- Waterproof Silicon Glue 

- 1” PVC straight coupling 

- Size 0, Black Rubber Plug 

- Rope/Cord 

- 3 Eye Hooks (3/16”x1.5”) accompanied 

with 6 nuts and 6 washers (3/16”) 

- Black Waterproof Spray Paint 

- White Waterproof Spray Paint 

- Drill bits: 

o 1/8" 

o 11/64" 

o 1/2" 

o 1 5/8"   
- Power Drill 

- Chop Saw (to cut PVC into the correct 

lengths) 

- Waterproof PVC glue 

- Pliers

 

Order of Operat ions: Trap Construction 

Section 1: PVC Painting 

1) If the 20 cm long 4” diameter, thin walled PVC pipe (further referenced as 20cm long PVC) is not 

white, use coarse sandpaper to sand down the inside and outside of the pipe. If the 20cm long 

PVC is white, only sand down the outside of the PVC pipe. (The sanding allows the spray paint to 

stick to the pipe).  

2) Repeat step 1 for the 4” PVC cap and the 1” PVC coupling. 
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3) If PVC pieces are not white, spray paint the inside white and allow them to dry. Make sure they 

are sill able to fit together after this. 

4) Attach the sanded down 4” PVC cap onto one end of the 20cm long PVC. Stand the piece up on 

the other end so that the capped end is up.  

5) Spray paint the outsides of the two connected pieces black. Allow them to dry. 

6) Spray paint the outside of the sanded down 1” PVC coupling black. Allow to dry. 

Section 2: Drilling/Adding Attachments to Trap Body 
Side note:  referencing F igure 2 may be helpful  when comp. 

7) Drill two 3/16” holes in the top of the 20cm long PVC. They should be aligned perpendicular to 

the long axis of the PVC and positioned at the halfway point of the trap about 5-6 cm apart.  

8) Drill one more 3/16” hole so that it is on the opposite side of the two holes drilled in step 7. The 

two holes from step 7 will be on the top of the trap and the one will be on the bottom. 

9) Use washers and nuts to secure three eye hooks into the three holes ensuring that the hook is 

on the outside of the trap. You may need pliers to adequately tighten the nuts. 

Section 3: Drilling/Adding Attachments to Trap Body 

10) Take the cap off the 20cm long PVC. Drill two 1/8” holes along the edge of the flat part of the 

cap just large enough to thread cords into. These cords will secure the flashlight and plug to the 

trap. 

11) Drill a 1 & 5/8”  hole into the center of the flat part of the cap. This will be where the flashlight 

housing is placed. 

12) Drill a 1/2" hole for the plug to be inserted. This will be how you empty the trap when collecting 

samples. 

13) Cut the security cord into two 60 cm pieces. Tie a knot into one end of one security cord. Insert 

the other end through a small hole along the edge of the cap so that the knot is on the inside of 

the cap. Repeat for the other chord and hole.  

14) Ensure that the knots will not slip through the drilled holes and use the silicon glue to secure the 

knots to the cap. Allow the glue to dry. 

15) Thread one of the security chords through an eye hook on the body of the trap to secure the 

trap’s cap to the trap’s body.  

16) Carefully drill a 1/8” through the larger end of the rubber plug perpendicular to the plug’s long 

axis. Thread one of the security chords through this hole to secure the plug to the cap. Glue over 

the knot for extra security. 

17) Tie a quick link fastener to the other security cord. Add silicone glue over the knot for extra 

security. 

18) Place the 1” PVC coupling about halfway into the 1 & 5/8” hole of the cap**. Secure it to the cap 

using the silicon glue on both the outside and inside of the cap. Allow to dry. 
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Section 4: Adding Funnel 

19) Take the clear plastic Soda bottle that is approximately 4” in diameter. Dispose of the soda 

bottle cap and cut the top 10 cm of the bottle (including the neck) to act as a funnel for the trap. 

You may reference the image below showing where to cut with the red dashed line:  

 

20) Cut 3cm*3cm square of the mesh. Then apply glue to the mouth of the bottle/funnel and place 

the square mesh on top of it. Allow to dry. Apply another layer of glue if necessary.  

21) Glue the inverted funnel onto the opening (opposite side of cap) of the trap as shown in the 

schematic below: 

 

22) Once all the glue is dried, the cap can be added back onto the trap. Secure a flashlight onto the 

security chord and the trap is ready to be used. 

**Having part of this housing inside the trap blocks some of the flashlight’s glow. Shortening this piece 

so that it is flush on the inside of the trap may provide different results. 

Order of Operations: PVC Stability Frame Construction 

1) Connect three 29cm long ½” PVC pipes to one ½” tee coupling’s sockets. Repeat with another 

tee coupling and three 29 cm long ½” PVC pipes. Glue these pieces together***. You should 

have what is shown in the schematic below, which will be referred to as the legs of the stability 

frame: 

This Photo by Unknown Author is licensed under CC BY-SA 

Funnel 

Trap Body 

Trap Cap (Remove to add 

glue to the inside where the 

funnel and trap body meet) 

https://stackoverflow.com/questions/10168686/image-processing-algorithm-improvement-for-coca-cola-can-recognition
https://creativecommons.org/licenses/by-sa/3.0/
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2) To make the vertical section of the stability rig, use a new tee 

coupling and connect two 29cm long ½” PVC pipes to sockets a 

and b. The sockets are labeled in the tee coupling schematic to 

the right. Attach another tee coupling to one of the already 

connected 29cm long 1/2” PVC pipes through either the a or b 

sockets. Ensure that the two tee couplings’ c sockets are facing 

the same direction. Glue these pieces together. Your product 

should be as shown below: 

 

 

3) Take one of the two legs made in step 1. Attach pipe 1, as labeled below, to the empty c sockets 

of the tee couplings on the vertical section of the stability rig. Position the legs so that Pipes 2 

and 3 of the rig are perpendicular to the pipes on the vertical section. Glue these pieces 

together. Repeat this step with the other leg and empty c socket. 

c 

a b 

Tee Coupling Schematic: 

Top of Stability Rig 

Bottom of Stability Rig 

Pipe 1 

Pipe 3 

Pipe 2 
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4) Once the glue dries you have a complete stability rig! 

 

***The PVC pipes in the stability frame may be threaded together before they are glued together. This is 

done by drilling holes into the pipes and internally threading them together with a thin but strong chord. 

The idea is that if the pieces get snapped off while deployed, they will remain with the rest of the trap 

rig allowing them to be fixed and/or discarded appropriately. 

 

Potential Modifications 
This trap design has potential to serve as a capture mechanism for both native and non-native 

organisms. Some modifications have been proposed below for specific organisms. Please note that 

these modifications have not been tested. 

Crayfish: 

- Remove 0.5*0.5cm mesh 

- Attenuate light to Crayfish light preferences 

- Anchor trap to substrate instead of using the stability frame. 

Larval fish:  

- Remove or switch mesh netting to allow the appropriately sized larval fish through 

- Attenuate light to larval fish’s preferences 

Invertebrates: 

- Get and secure appropriately sized mesh to allow selected invertebrates through 

- Attenuate light to invertebrate’s preference 
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