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Introduction

A number of studies have examined the mortality rates associated with non-retention or capture and release techniques in both the salmon sports fishery (e.g., Gjernes et. al., 1993; Vincent-Lang et al., 1993; Cox-Rogers, 1998) and commercial salmon fishery (e.g., Parker et al., 1959; Parker and Black, 1959; Candy et al., 1996; J. O. Thomas and Associates, 1997; see also Ricker, 1976, Chopin and Arimoto, 1995).  However, relatively few studies have examined the physiological basis of capture and live release techniques in wild salmon. Booth et al. (1995) and Wilkie et al. (1996, 1997) demonstrated significant changes in white muscle metabolites and  blood disturbances in wild Atlantic salmon (Salmo salar) following angling and induced exhaustive exercise and the degree of change has been linked to water temperature (Wilkie et al., 1997) and air exposure (Ferguson et al., 1992).  Parker et al. (1959) and Parker and Black (1959) demonstrated evidence of muscle fatigue in troll-caught wild Pacific coho salmon in seawater and freshwater and in chinook salmon in seawater, and Thompson and Hunter (1973) linked mortality rates to both the loss of scales and stress in adult sockeye salmon caught in gillnets.  Results of our recent work with commercially caught coho salmon (Oncorhynchus kisutch) (Farrell et al., 2000, 2001, Buchanan et al. 2001) show that physiological measures of stress following capture are maximal compared with previous laboratory experiments we have conducted.  Further, the imbalances in ions and water and depleted muscle energy stores are only restored after an extensive recovery either on board in a laminar flow revival box or after being held in a net pen for 24 hours.  Moreover, even after a lengthy recovery elevated cortisol levels are not restored indicating a longer term stress effect of capture (Farrell et al., 2000, 2001, Buchanan et al., 2001).

In the short-term these stress-induced effects could impede swimming capacity after release which in turn could increase the mortality risk from predation and possibly reduce the potential for successful migration. In the long-term it would be expected that the energy required to restore homeostasis would be diverted from investment activities such as gonadal development (Jonsson et al., 1991), potentially affecting the ability of live released salmon to reach the spawning grounds and reproduce successfully. In fact, there is growing evidence that stress negatively affects reproductive processes in fish (Pankhurst and Dedual, 1994).
The purpose of the current study was firstly to provide basic physiological data on wild chinook salmon (Oncorhynchus tshawytscha) in their mature, freshwater life stage.  More specifically, the study investigated the physiological state of chinook after freshwater angling.  In addition, we investigated the time scale of recovery in these fish by placing them in a revival box demonstrated in our work with commercially caught coho salmon to promote physiological recovery (Farrell et al., 2000, 2001).  This study was designed as a pilot to indicate future research directions into the energetic cost of stress and recovery from angling associated with the recreational fishery.

Methods

Fishing Methods  

The study was conducted near Chilliwack, British Columbia, from 20-27 Oct, 2000. Three different fishing sites on the Chilliwack River were used: Sheller’s Bridge, Tamahi, and the mouth of Sweltcher’s Creek.  Experiments were conducted only during day fishing.  Water temperature varied from 7-10 (C.

The fishers that participated in the study came from a variety of experience levels and backgrounds.  It is our belief that they are representative of the community of anglers found on the Chilliwack River.  All anglers participated on a volunteer basis, and as an incentive the name of every fisher was entered into a draw for one of three $50 gift certificates to a local tackle shop.  

Upon arrival at the study site, nearby fishers were interviewed to acquaint them with the research project.  If an individual was interested in participating, they were informed that they could keep the fish after it was sampled provided that it was legally hooked and they were under their daily limit.  If they did not wish to keep the fish, or they were not legally able to, the fish was retained under scientific license and donated to a local First Nations group.  Once a fisher had a chinook salmon on the line, he identified himself to the researchers and a recovery box was moved to the closest landing site.  The fisher then began to play the fish in while moving towards the recovery box.  

Upon landing, the fish was randomly assigned to one of two study groups and either placed in the recovery box (60 min sample) or sacrificed immediately by a blow to the head following which muscle and blood samples were taken (0 min sample).  The time it took to land the fish, from when it was hooked to when it was landed, the fork-length, depth, width, weight, and sex of the fish were recorded.  Further observations on the appearance of the fish were noted, such as the colour, presence of fungus or parasites, and any other body damage.

A second interview was performed to record the fisher’s name, phone number, and level of experience (beginner, intermediate, expert).  A total of 22 fishers were used in the study and when asked how they rated their fishing experience they responded as follows: expert, 70%; intermediate, 25%; beginner, 5%.  The type of tackle used by the fishers was as follows: line weight ranged from 12 to 30 lb test; hook size was either 1,2,#1,or #2.  All anglers were float fishing and the lure type was any possible combination of roe and/or red, pink, orange, peach, and white wool.  

Recovery Box

The recovery box was similar in design to the Fraser recovery box previously tested in the commercial fishery (Farrell et al., 2000, 2001; Berry et al., 2001).  For details on the design and construction of the box refer to www.mypage.uniserve.ca/~fraserjake.  The box had a single fish holding space (slot) with an individual sliding release door and water inflow hose.  The inflow hose was located at the bottom of the release door to facilitate water flow into the mouth of the fish. The design of the box allows exhausted fish to orient into the flow of water thereby reducing struggling, and providing sufficient water to supply the oxygen required by the fish.  An inflow hose was outfitted with a ball valve for fine control of water flow.  A flow rate of 0.8 L•s-1 was supplied via a bilge pump powered by a 12V marine battery. A release door was constructed of clear plexiglass to facilitate monitoring of the ventilation and a lid was fastened to the box to avoid escapes.  During previous studies it was observed that fish appear calmer and seem to recover faster with a small amount of light entering the box, so there was a small space by the lid..

Following placement in the recovery box, the fish was monitored and a number of factors related to fish recovery were recorded including: time at placement in the box, body positioning (upright, sideways, inverted), ventilation rate (the number of opercular movements per 15 sec), ventilation category (1: very small movement, 2: normal, 3: “gulping”, large amount of movement).  

After the 60 min recovery period, fish were sampled in the same way as for 0 min fish.

All fish were ventilating when they were placed in the box, and none died during the recovery time.

Experimental Protocol

Physiological Sampling

Both blood and muscle tissue samples were taken for analyses of physiological variables related to stress. One study group (0 min, n=21) was sampled immediately upon landing while the other was sampled after one hour in the recovery box (60 min, n=18).  Prior to sampling, all fish were sacrificed with a sharp blow to the head. To reduce the effects of struggling a sampling tray was attached to the end of the recovery box.  The fish was then placed in a V-shaped trough, and a muscle sample approximately 1 cm3 was excised from the side of the fish, anterior to the dorsal fin, above the lateral line.  The tissue was instantly frozen between two flat metal tongs pre-cooled on dry ice.  The sample was wrapped in aluminum foil and placed on dry ice.  This process took less than 45 s.  After the muscle tissue was taken, a blood sample was drawn by caudal puncture using a 5 mL heparinized Vaccutainer( (Vaccutainer Inc.).  Three heparinized hematocrit (Hct) tubes were filled from the Vaccutainer(, and the whole blood and hematocrit tubes were stored on ice until they could be centrifuged (<30 min).  The centrifuges were set up in a mobile trailer and ran off an inverter from a 12Vtruck battery.  Following centrifugation, a hematocrit reading was performed visually using the % volume of the hematocrit tube.  The plasma portion of the blood was aliquoted from the Vaccutainer( to small Eppendorf tubes and stored on dry ice before being transported back to the laboratory where they were held in a freezer at –80 (C.

Analytical Techniques

Plasma lactate and glucose concentrations were measured using a YSI 2300 StatPlus lactate/glucose analyzer (Yellow Springs Instruments).  Plasma samples were thawed immediately before use, vortexed for 30 s, spun in a centrifuge for 2 min at 2000 rpm, and then aspirated into the analyzer.  The analyzer automatically calibrated after every five measurements (precision for lactate: 0.2 mmol·L-1, and for glucose: 0.1 mmol·L-1).  Osmolality was measured with Wescor vapour pressure osmometer.  A 10 (L sample was used for each measurement, and the thermocouple was periodically cleaned to ensure consistency.  Plasma Cl- concentrations were measured with a model 4425000 Haake Buchler digital chloridometer.  The meter was checked against a Cl- standard (100 mequiv. Cl-·L-1) before and during the process (approximately every 10 duplicates).  Concentrations of plasma Na+ and K+ were measured using a model 510 Turner flame photometer.  Plasma aliquots (5 (L) were diluted 1:200 with a prepared 15 mequiv. lithium L-1 diluent for analysis. The machine was calibrated prior to use and checked against a standard approximately every six samples.  Plasma cortisol concentrations were measured in duplicate using 96-well ELISA kits (Neogen Corp., Lexington KY) and suitable dilutions of the plasma.

Statistical analysis was performed using a Students t-test and a JMP Statistics Program (4.0).  The normal student t-test did not control for experimental-wise error.

Results and Discussion

Angling time varied from 2 to 12 min, with an average of 6 min.  The fork-length of the fish varied from 45 to 106 cm with an average of 78.7 cm, and the weight varied from 1.8 to 25.0 kg with an average of 10.1 kg.  The sex ratio of the fish was equal males and females.

In keeping with previous studies, hematocrit (Hct) levels were similar for both experimental groups, 42.1% ± 2.2% (SEM) at 0 min, and 46.2% ± 1.8% (SEM) at 60 min (Farrell et al., 2000,2001).  These values are somewhat higher that values  reported for Hct in hatchery raised chinook salmon (range from 27 – 33%, Gallaugher et al., 2001).

Physiological variables 

At capture (0 min)

Values for all plasma and muscle tissue variables immediately after capture (0 min) are reported in Table 1 and Figure 1 (a,b, and c).  As a result of capture, muscle lactate was elevated above expected levels of 5 – 10 mmol·L-1 for rested fish but considerably lower than the values obtained for coho salmon immediately following capture via gillnet (53.7 mmol·L-1, Farrell et al., 2001).  Some of this lactate had moved into the blood compartment as indicated by the plasma lactate value of 8.2 mmol·L-1, which is higher than the 1 mmol·L-1 expected for resting fish.  Plasma lactate values are similar to those obtained for coho salmon immediately following capture via gillnet (10.5 mmol·L-1 , Farrell et al., 2001).

Cortisol levels were significantly higher than values expected in resting fish (normal range, 10 – 50 ng·mL-1) and indicative of significant stress.  The values obtained for angled chinook were higher than the mean value of ~380 ng·mL-1 observed for commercially caught coho (Farrell et al., 2001). However, there is some uncertainty as to what is considered a normal range for these fish, because mature salmon tend to show hyper responses (see Farrell et al., 2001).

Plasma glucose, sodium, chlorine and osmolarity and muscle ATP values were all close to expected levels for fish in freshwater.  

Phosphocreatine values indicated severe depletion from expected resting levels of 20 – 30 mmol·Kg-1) and were significantly lower that values obtained for gillnet caught coho salmon immediately following capture (Farrell et al., 2001).

After Recovery (60 min)

Values for all plasma and muscle tissue variables immediately after recovery (60 min) are reported in Table 1 and Figure 1 (a,b, and c).

The most important observation for fish that recovered from capture for 60 min in the recovery box was the four-fold improvement in PCr.  Equally important was a significant reduction in muscle lactate. Both of these findings are indicative of the fish recovering from the effects of capture. In addition, the absence of an increase in plasma potassium and the minor change observed for blood glucose are further indications of the fish recovering from the effects of capture.

While the increase in cortisol could not be statistically resolved (P= 0.06) because of variability, the apparent increase is characteristic of what has been observed in previous studies where stressed salmon recover in a stationary environment (Milligan et al., 2000, Farrell et al., 2001).

The most unexpected observation was the low muscle glycogen values that did not recover despite the decrease in muscle lactate.  This could be indicative of a longer term depletion of muscle glycogen perhaps due to the fact that these fish have been starving and repeatedly stressed and exhausted.  Importantly, most of the fish captured in this study showed signs of repetitive capture.  Alternatively, the recovery of glycogen may take longer than 60 min as we have observed for commercially caught coho salmon (Farrell et al., 2001).

Conclusions

Our results show that these angled chinook salmon exhibit a classic physiological response to stress and exhaustive exercise.  Studies with wild Atlantic salmon, Salmo salar, have shown similar results following sport angling and induced exhaustion (Booth et al.,1995; Brobbel et al., 1996; Wilkie et al., 1996,1997).  The impact of angling stress on the survival and reproduction of salmon in a catch and release fishery are not well understood, not to mention our understanding about the effects of repetitive capture.  However, elevated cortisol concentrations in fish have been associated with high levels of delayed mortality (Gregory and Wood, 1999) and have also been associated with depressed plasma androgens and estrogens in brown trout, Salmo trutta (Pickering et al., 1987; Sumpter et al., 1987) and rainbow trout, Oncorhynchus mykiss (Carragher et al., 1989; Carragher and Sumpter, 1990).

Overall, for comparable parameters, especially lactate, phosphocreatine and potassium, the angled chinook in this preliminary study were not as exhausted as the vigorous coho salmon captured by gillnet in our previous studies (Farrell et al., 2000, 2001). The exception to this is the phosphocreatine stores which were significantly depleted in angled chinook compared with commercially caught coho salmon.  

Recommendations for further research

Similar to the studies performed with commercially caught salmon, there is need for data regarding the longer term survival (delayed mortality) and reproductive success of angled fish.  Longer term recovery periods would help to determine whether or not the depleted stores of muscle glycogen recover and whether elevated levels of cortisol decrease to closer to resting values.  Of particular interest would be possible correlations between repetitive capture via angling and measures of stress indicators, metabolic recovery and delayed mortality rates.
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Table 1. Plasma and muscle variables in mature chinook salmon immediately after capture in freshwater by angling and following a period of recovery.











Recovery Time


Level of Significance


Response Variable

0 min
60 min

0 min vs. 60 min.


Plasma        Na+(mmol·L-1)
Mean
150.61
156.34

ns



SEM
2.6
1.59





N
22
16












K+(mmol·L-1)
Mean
1.07
1.18

ns



SEM
0.19
0.32





N
22
16












Cl-( mmol·L-1)
Mean
120.4
122.39

ns



SEM
2.99
1.52





N
22
16












       Osmolarity(mOsm·kg-1)
Mean
310.83
324.57

*



SEM
5.17
2.47





N
22
16












Lactate(mmol·L-1)
Mean
8.2
13.87

***



SEM
0.56
0.85





N
22
16












Glucose(mmol·L-1)
Mean
4.5
5.4

*



SEM
0.23
0.4





N
22
16












Cortisol(ng·mL-1)
Mean
641.96
1124.39

ns



SEM
141.78
191.79





N
10
10












Muscle Lactate(mmol·kg-1)
Mean
33.66
24.31

***



SEM
1.73
1.87





N
21
16












Glycogen(mmol·kg-1)
Mean
7.67
6.66

ns



SEM
0.85
1.51





N
20
15












ATP(mmol·kg-1)
Mean
3.75
4.2

ns



SEM
0.32
0.23





N
8
8












PCR(mmol·kg-1)
Mean
2.88
13.11

***



SEM
0.56
2.15





N
8
8




ns, not significant; *p< 0.05; **p< 0.01; ***p< 0.001


















