Northern Chub Electrofishing Efficiency Study

Purpose: 	Determine 1) most effective electrical waveforms causing desired capture-prone responses in chubs (e.g., taxis, immobilization), and 2) capture-prone response thresholds in the electric field.  Information gained will assist in the selection of waveforms to increase catchability, estimate effective field size, and for electric field size standardization.   Thus, experimental results may improve sampling for deriving population estimates and indices.  

[bookmark: _GoBack]Background:	Northern chubs are a species of importance in the Yankee Creek drainage in Virginia.  Protocols for population monitoring are currently under development.  The district biologist’s boat is equipped with a 5.0 GPP; settings typically high range (1000 V) and 25 POR.  In higher water conductivities, settings switched to low range (500 V) and up to 40 POR.  Spring water conductivities are likely between 250 – 400 µS/cm.  Fall water conductivities may be higher, especially during low water years, > 1,000 µS/cm.

Considerations:	
Adults are hard to maintain; high incidence of infection (freshwater ich).  Juveniles are hardier in captivity.  Adults (500 – 600 mm) are available for electrofishing capture in July – October; young of the year (200 mm) are susceptible to electrofishing gear in October – November.   Young-of-Year fish can be fed Gambusia, fathead minnows, or goldfish (less preferred due to disease transmission).

Investigators:	

Budget:	




Experiment #1 (first priority): Fish Responses and most effective waveforms

Purpose:  
1) Ascertain if Northern chubs exhibit a strong taxis (attraction to the anode) response; and
2) Determine most effective waveforms for important capture-prone responses (especially taxis and immobilization).

Background:	biologists have noted occasional taxis; escape and immobilization most common responses.  Young-of-Year (~200 mm) size class studied; may be repeated with an adult size class (500 – 600 mm)

Equipment:	Living Stream test tank for taxis; 20 gallon aquarium test tank for immobilization thresholds; electrodes on each end having cross-sectional area equal to or greater than cross-sectional area of water; an ETS ABP-3 backpack shocker or MLES Infinity control box will serve as the power source ; video camera; water conductivity meter; voltage gradient probe and meter; thermometer

Experimental units:	150-200 juveniles and maybe 50 adults

Identify taxis response and most efficient waveform for capture

Description:  A range of electrical waveforms will be selected based upon field observations and past experiences with other fish species.  Each waveform will be tested to see if a taxis response is elicited and, if so, a subjective (or possibly quantitative) determination of the strength of the fish response.  If a strong taxis response to a particular waveform is observed, then that waveform will be considered most efficient for chub capture.  If significant taxis not observed, then the most efficient waveform is determined by the lowest applied power density to achieve immobilization.

Experimental unit: individual fish

Parameters estimated: 
presence of taxis (or immobilization), threshold voltage gradient and power density

1) Measure ambient water conductivity and water temperature.
2) Select an electrical waveform (DC or PDC, frequency, duty cycle).
3) Introduce northern chubs into the Living Stream test tank one at a time.
4) Increase power applied to the test tank electrodes until a taxis or immobilization response is achieved.  Record voltage gradient and power density at taxis or immobilization.
5) Repeat across range of waveforms.  Select the two or three waveforms that use the lowest amount of power to cause taxis.
6) Select one of the final two or three waveforms;   either proceed with a mean power density or probability of immobilization at a given power density (logistic regression) approach.  The calculation of means may take as little as three individuals (but a statistical power analysis should be done prior).  Calculation of probability of taxis at power densities will require around 20 individuals for each treatment (frequency, duty cycle combination).
7) Waveform requiring least amount of power to cause taxis response is the most efficient waveform.
8) If significant taxis not observed, then the waveform having the lowest threshold immobilization will be considered most efficient.




Experiment #2 (second priority): Determine Effective Fish Conductivity

Description:  Knowing effective fish conductivity facilitates the development of applied power goal curves and sampling standardization.   Using the most efficient waveform determined in Part 1, immobilization thresholds will be assessed across a range of water conductivities, similarly to the process outlined in Part 1.  Quadratic, Power Transfer, and Gompertz curves will be fitted to the data and effective fish conductivity calculated from the best fitting model.

Experimental unit: individual fish

Parameter estimated: effective fish conductivity

1) Use a range of ambient water conductivities (~10 µS/cm – 1,000 µS/cm).  Measure ambient water conductivity and water temperature.  Start with the lowest water conductivity.
2) Introduce one northern chub into the Living Stream test tank.
3) Increase power applied to the test tank electrodes until immobilization response is achieved.  Record voltage gradient and power density at immobilization.
4) Repeat across range of water conductivities. 
5) Fit quadratic, power transfer, and Gompertz curves to data.
6) Choose best fitting model.
7) Determine coordinates for the bottom of the curve (i.e., least power density and corresponding water conductivity)
8) X-value is point estimate for effective fish conductivity.
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Experiment 1: Determine if taxis can be triggered
	If taxis can be elicited, then by what waveforms and at what threshold field intensities?
	Waveforms:	DC, PDC (70 Hz/35% duty, 50/95%, or a GPP setting with rounded pulses [issue 			is that there is no way to set the half frequency duty settings on GPPs])
	Fish:		500 mm (10 fish available); probably limit to 1 – 2 fish per waveform
	Dose:		slow increase in voltage to taxis response or near immobilization
	If taxis identified:	then determine threshold using n = 5 fish

Experiment 2: Determine most efficient waveform for immobilization

	Waveforms:	AC, DC, PDC
A. 30, 60, 120 Hz @ 24% duty cycle (maybe include 90 Hz)
						Fish: 300-350 mm, 5 fish per waveform
						Dose:  slow increase to immobilization, 3 second shock
						(Note: corresponds to GPP 120 Hz, 20 POR and 60 Hz, 							90 POR)

B. 15, 20, 25, 30, 40 or 50 % duty cycle @ most efficient frequency
Fish: 550-600 mm (28 fish available), 5 fish per 	waveform
Dose:  slow increase to immobilization, 3 second shock

C. 40 Hz/20% duty, 50/25, 60/30, 70/35, (maybe include 80/40)
Fish: 300-350 mm, 5 fish per waveform
Dose:  slow increase to immobilization, 3 second shock

Experiment 3: Most effective waveform across sizes
	Waveform:	most effective

	Fish:		all sizes (250 – 850 mm); n = 3 - 5 fish
	Dose:		slow increase in voltage to immobilization, 3 second shock

Experiment 4: Efficiency of rounded vs. square wave
	
	Waveform:	square and rounded waveform GPP setting close to most efficient waveform 			determined in Experiment #2 or 120 Hz, 30% duty (35 POR) and 120 Hz, 36% 			duty (50 POR)

	Fish:		400 – 450 mm (22 fish available); n = 5 fish
	Dose:		slow increase in voltage to immobilization, 3 second shock

Experiment 5: Fish conductivity

	Waveform:	most efficient found in Experiment #2

	Fish:		650 – 700 mm (18 fish available); n = 1 fish
	Dose:		slow increase in voltage to immobilization, 3 second shock
	Water conductivities:	15, 25, 50, 75, 95, 115, 135, 155, 175, 200, 400, 600, 800, 1000
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