A Preliminary Investigation into Dissolved Oxygen Levels Recorded in Barrels Containing Rod - Caught Pike.
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Introduction

Much recent controversy has surrounded the treatment of pike captured during boat angling competitions. Specifically, this has related to the practise of retaining pike in barrels and the possibility that reduced Dissolve Oxygen (DO) levels in the water could imperil the fish’s welfare. 

The recent Waterways Ireland Pike Challenge, held on L. Boderg on the Shannon and Lough Garadice on the Shannon-Erne Waterway, provided an opportunity to conduct a small-scale ‘experiment’. The aim of the experiment was to investigate the DO levels that pike may experience during these competitions. Specifically, the investigation aimed to determine the utilisation of DO by pike over time in aerated and non-aerated barrels. This was not a controlled experiment. It was designed to provide an on-site/real time approximation of the conditions that pike experienced during the competition.
Fish and Dissolved Oxygen

Dissolved oxygen is a fundamental requirement for all animals, including fish. Fish absorb DO from the surrounding water across their gills. Not all fish, however, are the same. Different species having different oxygen requirements and varying abilities to withstand reduced DO levels. In Europe, guideline levels presented in the Freshwater Fish Directive (78/659/EEC) stipulates that, in coarse fisheries/waters DO levels should exceed 5mg/l in all cases. For pike there is evidence to suggest that during the summer, wild pike avoid areas where DO levels fall below 3mg/l (Headrick & Caroline, 1999). This level has been used for the purposes of this report as an ‘avoidance threshold’ for pike in their natural environment. Pike are, however, physiologically adapted to survive the low DO levels that can occur in frozen lakes during winter and have been shown to survive DO levels as low as 0.25mg/l at temperatures between 2.5 and 4oC (Casselman & Harvey, 1974).

For all fish species DO requirements and consumption will be dictated by metabolic rate. The faster the metabolic rate the greater the DO requirement. For pike, a variety of resting metabolic rates have been reported in the scientific press. In general, metabolic rates will be lower (per kg of fish) for larger fish (i.e. two 1kg fish will consume more oxygen than one 2kg fish). Furthermore, metabolic rate (and therefore DO consumption) increases with temperature. This rule is referred to as Q10 (Armstrong & Hawkins, 2008)). Conversely, the DO capacity for water is negatively related to temperature, with cold water holding proportionately more DO than warm water. Therefore, while water will hold less oxygen at higher temperatures, oxygen consumption by pike will be elevated under these conditions. Furthermore, it might be expected that angling caught pike have a greater than normal oxygen demand as a consequence of the energy expended during the fight and the possible accumulation of oxygen debt. 

Methods

The competition itself was held over the weekend of the 5th and 6th April 2008. A total of 180 anglers competed on two fisheries. These were Lough Boderg on the Shannon Navigation and Lough Garadice on the Shannon-Erne Waterway. All competitors fished each venue on one occasion. 

Over both days of the competition, air and water temperatures remained low. Weather conditions were characterised by strong winds, overcast conditions and frequent wintry showers. 

The rules of the competition stipulated that:

All pike were to be retained in a 40 gallon (~ 180litre) barrel.

All pike over 8lb (3.63kgs) were to be immediately weighed.

No more than two pike were to be held at one time.

All pike should be weighed at the earliest opportunity. 

Water in the barrel should be changed after each fish is weighed.

Anglers were advised to use aeration, although this was not compulsory.

In order to assess DO levels experienced by pike captured and retained in aerated and non-aerated barrels on the boats during competitions, a simple bankside experiment was set up at Haughton’s Shore on Lough Garadice 6th April.

A total of four barrels of the type supplied to anglers were used in the experiment. At 10.30 am when the competition commenced each of the barrels was filled with app 100 litres of lake water on the lake shore. Water in two of the barrels was aerated using a battery powered aerator similar to those used by the competitors. 

A YSI multimeter was used to record DO and temperature values from each barrel and from the open lake at intervals of 30 minutes.  As pike were brought to the shore for weighing they were placed in the barrels. A total of 7 ‘treatments’ were tested. These were:

The open Lake

Barrel 1: 
No pike - no aeration. Subsequently contained one pike - no aeration.
Barrel 2:
No pike - with aeration. Subsequently contained one pike - with aeration.

Barrel 3: 
Two pike - no aeration.
Barrel 4: 
Two pike - with aeration.
A total of 6 pike were used in the experiment (Table 1).
Table 1.  Details of pike used in an experiment to assess DO consumption by rod - caught pike held in barrels.
	Pike Number
	Weight (kg)
	Treatment

	1
	5
	2 pike + Aeration

	2
	2.3
	2 pike + Aeration

	3
	1.4
	2 pike – Aeration

	4
	1.3
	2 pike – Aeration

	5
	2.9
	1 pike + Aeration

	6
	4.3
	1 pike – Aeration


The experiment lasted a total of 5 hours (10.30am to 3.30pm). All pike were returned alive to the lake. Because pike were placed into the barrels as they were captured, data is not available for all treatments over the full duration of the experiment. 

Figures 1 to 3 describe the results for DO (mg/l) recorded during the experiment. On each graph the guideline levels for DO (5mg/l), according to the Freshwater Fish Directive (78/659/EEC), is illustrated. An avoidance threshold of 3 mg/l (Headrick & Caroline, 1999) is also included.
To standardise the results, all treatments are considered to have started at time Zero. Results are presented in this way in all subsequent graphs. For example, Figure 2 presents results from single pike held in the barrels. One fish (Pike 5) was placed in barrel 1 at 12.50pm. 13.00pm represents time zero for this fish. A second pike (Pike 6) was placed in barrel 2 at 1.40pm. Time zero for this fish was 2.00pm. Both pike were returned to the lake at 3.30pm. 
Results
Over the 5 hours of the competition, DO readings were recorded at ½ hour intervals in the lake water. Results are presented in Figures 1 to 3.

Minimal variation in DO levels was recorded in the lake water (Figure 1).

DO levels were also recorded in barrels containing no pike (Figure 1). One of the barrels was aerated while no aerator was used in the second. Readings were taken a ½ hour intervals over a period of 2 hours (i.e. until pike were captured and introduced to the barrels). There was practically no difference in DO levels recorded in the aerated and non-aerated barrels (Figure 1). The initial DO levels recorded in the barrels were slightly higher than that present in the lake water. This probably reflects the aeration provided while filling the barrels and explains the initial reduction in DO levels over the first ½ hour (Figure 1). Over the 2 hour sampling period the decrease in DO levels relative to lake water was minimal and did not exceed 1.6 mg/l.  
Where one pike was introduced in barrels 1 and 2, there was an observed reduction in DO levels over the duration of the experiment (Figure 2). The rate of reduction was similar in the aerated and non-aerated barrels, regardless of the size of the pike used (see Table 1). The lowest DO level recorded was 6mg/l, which is higher than the guideline level stipulated in the Freshwater Fish Directive. No significant difference in DO levels between aerated and non-aerated barrels was recorded over the duration of the experiment. 

The rate of DO reduction in the barrels with two pike was more rapid than that recorded in barrels with one pike (Figures 2 & 3). The rate of DO reduction in the non-aerated barrel was more rapid than in the aerated barrel (Figure 3). It is possible that an element of this reduction may be accounted for by the fact that a greater biomass of pike was contained in the non-aerated barrel (Table 1). Regardless of the biomass of pike held in the barrels, DO levels fell to c. 5mg/l within 2.5 hours 91.5 hours in the non-aerated barrel).
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Figure 1. DO levels in the open lake and in barrels containing no pike during an experiment conducted on L. Garadice in April 2008. The red lines correspond to guideline limit stipulated under the Freshwater Fish Directive and to a DO level below which pike have been demonstrated to avoid (Headrick & Caroline, 1999). 
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Figure 2. DO levels in the open lake and in barrels containing one pike during an experiment conducted on L. Garadice in April 2008. The red lines correspond to guideline limit stipulated under the Freshwater Fish Directive and to a DO level below which pike have been demonstrated to avoid (Headrick & Caroline, 1999). 
In the non-aerated barrel, containing the two pike weighing a total of 7.3kg, the DO level fell to 3mg/l after 2.5 hours and to 1.3mg/l after 3.5 hours (Figure 3). Pike have been demonstrated to avoid areas where summer DO levels fall below 3mg/l (Headrick & Caroline, 1999).
Following the experiment, all of the pike were returned alive to the water. Most of the pike actively swam from their point of release. The pike that were retained in the non-aerated barrel for 3.5 hours exhibited some signs of lethargy following release. They did, however, swim away from the shore within minutes of release
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Figure 3. DO levels in the open lake and in barrels containing two pike during an experiment conducted on L. Garadice in April 2008. The red lines correspond to guideline limit stipulated under the Freshwater Fish Directive and to a DO level below which pike have been demonstrated to avoid (Headrick & Caroline, 1999). 
Oxygen readings were also taken from several barrels in angling boats as pike were brought to shore. No detrimental reduction in DO levels was recorded.

Conclusions/Recommendations
This was not a controlled experiment. It was designed to provide an on-site/real time approximation of the conditions that pike experienced during the competition.

Practically no variation in DO levels was recorded in the lake water over the duration of the experiment.
.

For barrels with no pike, over the 2 hour sampling period the decrease in DO levels relative to lake water was minimal and did not exceed 1.6 mg/l.  

For barrels with one pike, no difference in DO levels between aerated and non-aerated barrels was recorded over the duration of the experiment.  DO levels recorded after 2 hours retention remained above the Freshwater Fish Directive guideline level.
For barrels with two pike, regardless of the biomass of pike held in the barrels (or the aeration regime), DO levels fell sharply to c. 5mg/l within 2.5 hours. In the non-aerated barrel the DO level fell to 3mg/l after 2.5 hours and to 1.3mg/l after 3.5 hours.
Based on the results presented, it is suggested that single pike can be held for a period of time (< 2 hours) without being placed under significantly enhanced oxygen stress.

Two pike will significantly reduce the DO levels over a relatively short period of time. Results demonstrate that DO levels may become critically lowered if pike are retained in barrels for a period greater than 1.5 hours, although aeration may extend this period marginally.
Short retention time should have no obvious detrimental impact on the captured pike.

Common sense dictates that pike should not be held for prolonged periods following capture. Ideally fish should be quickly weighed and returned following capture. Should a second pike be captured, both fish should be returned to the weigh station immediately. Furthermore, regularly changing water in the barrels (regardless of whether or not they have held fish) should prevent major differences, particularly in relation to temperature, between lake and barrel water. 
At the time the competition was held, no significant temperature stress was likely to have been encountered by pike placed in barrels. In situations where air temperatures are higher than water temperature, there is a possibility that the temperature in the barrel may become significantly elevated relative to lake temperature. Efforts should, therefore, be made to recharge/refresh the water regularly, or before a pike is placed in the barrel.
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