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1. Summary

The purpose of this study was to compare the standard seine recovery box to a newly designed laminar flow box in terms of their abilities to promote recovery in coho salmon (Oncorhynchus kisutch). We monitored the mortality rate of fish held in the two boxes onboard the seine vessel. The surviving fish were then held for 24 hours in a net pen to examine any difference in delayed mortality. The fish recovered in the laminar flow box had a 6-fold lower delayed mortality rate than the standard box (24 hour net pen mortalities, 3.3% vs. 19.4%). A similar trend was noted for the onboard mortality rates but due to the low sample size this relationship could not be discerned statistically. In sets designed to simulate fish crowding conditions during a large catch, the mortality rates increased significantly. 

After 24 hours of recovery the physiological state of the fish was investigated with a swim challenge. The same level of swimming ability was found in all fish, independent of which recovery box was used. The findings indicate that the use of the laminar flow box is justified but more research is needed in the context of its application in a commercial seine fishery.

2. Introduction

In response to concern over the health of coho salmon stocks, a selective fishing policy was implemented in 1998 for the entire commercial salmon fleet on the Pacific coast. Each vessel was mandated to carry and use a recovery box for the purpose of reviving all coho caught as by-catch. 

At the time, controversy over the effectiveness of the recovery box existed. Blewett and Taylor (1999) concluded that the boxes were “very effective in increasing survival of non-target species in some cases” yet earlier studies into the physiology of salmon indicated that live tank holding elevated lactate levels (Parker et al., 1959, Ellis, 1964). Indeed, a recent study has shown very little physiological evidence for recovery in seine-caught coho after 60mins in the standard recovery box (Farrell et al., 2000). 

However, studies involving an experimental gillnet fishery have shown a re-designed, laminar flow revival box, the Fraser recovery box, to be more effective. For the first time, muscle lactate levels were shown to decrease after only one hour in a recovery box, while muscle PCr and glycogen levels recovered (Interim Report to DFO, April, 2000). 

This study was designed to test whether a box similar to the Fraser box could promote better recovery than the standard recovery box in fish caught with commercial seine gear. We compared the post-capture mortality rate of fish placed in either box while onboard the vessel. The surviving fish were then transferred and held in a net pen for 24 hours to monitor any delayed mortality. In addition, a swim tunnel, an aquatic version of a treadmill, was used to administer a swim challenge in order to gauge the physiological release condition of the fish.  

3. Methods

3.1. Fishing Techniques

The study was conducted Aug. 20-29, 2000 in Johnstone Strait ( Area 12, Sub-areas 3, 4, 5). Fish were captured with commercial seine gear on board Numas I (CFV# 21829). Fish were brailed into a wooden sorting box using an industry standard brailer. By-catch were identified and assigned a condition factor (see table 1). Coho were then randomly assigned to either the standard or laminar flow recovery box and tagged near the dorsal fin with a colour-coded Floy tag (Floy Tag Inc, Seattle, Wash) for later identification.

Table1. Fish Condition Numbers Assigned to By-Catch

#1
#2
#3
#4
#5

Vigorous
Vigorous with bleeding
Lethargic
Lethargic with bleeding
“Dead”

not moving/ ventilating

Set sizes were small (<225 pieces) and thus fish were removed from the net quickly. On three occasions we simulated the fish crowding that occurs during a large set typical of the commercial fishing season. To do this, the net was pursed up and held along the side of the boat for 20, 40, or 60 minutes. The data from these sets are reported separately due to the difference in fishing technique. 

3.2. Recovery Boxes

3.2.1. Standard Revival Box

The standard recovery box was a commercial “half-tote” 110 x 57 x 67 cm supplied with seawater from the on-board pumping system. The onboard system was incapable of supplying 80 L/min with both the standard and laminar recovery boxes in parallel and flow was only 40L/min for part of the experiment. The problem was rectified by employing a 3” gas powered Honda pump to run the laminar flow box and flow to the standard box returned to 80 L/min. A maximum of 12-14 coho were placed in the box at a time.

3.2.2. Laminar Flow Box

The re-designed recovery box (see Appendix A) was constructed of aluminum and contained 8 individual fish holding spaces, each similar in design to the Fraser Recovery Box previously studied in an experimental gillnet fishery (Interim Report to DFO, April, 2000). Each slot had an individual inflow hose and a sliding release door to minimize handling during fish release. It is designed to orient the fish into the water flow, reduce struggle and promote active recovery as per Milligan, 2000. Full construction plans can be viewed at (www.mypage.uniserve.ca/~fraserjake)

Flow to each slot varied from 0.45 to 0.6 L/min, slightly lower than recommended for Fraser Box in previous studies. Again, reduced flow rates occurred when the box was running off the on-board pumping system while the high flow rate was delivered via the Honda pump. A maximum of 2 coho were placed in each slot at a time for a maximum holding capacity of 16 fish.

3.3. Long Term Holding

A 50’x 50’ net pen was anchored in Boat Bay, Johnstone Straight. Smaller holding pens were placed inside of this such that the larger net served as a barrier to predators. The holding pens were constructed of a frame of ABS plastic tubing approximately 1.5 x 1.5 x 3m. A net bag made from knotless web was hung inside the frame and a chloroplast lid was tied to the top to avoid fish escapes and predator entry The holding pens were organized into four groups (two AM, two PM) with three pens per group, labeled for fish capture condition (#1, 3, or 5). Thus, each day had one AM and one PM group. 

Fish that had been placed in the recovery boxes were transferred to the net pens once they were able to maintain an upright position and could be reclassified as condition #1. Fish were sorted by capture condition and transferred via a dip net, for the standard recovery box, or chloroplast chute for the laminar flow box. 

After 24 hours, the holding pens were opened and fish were either released or tested for swimming performance. Holding times ranged from 24-56 hours. Mortalities were removed, identified via the Floy tag, and examined for body damage.

3.4. Swim Tunnel

For details of tunnel design and photos of experimental set up, please see appendix B, Interim report to DFO, April, 2000, or website (www.sfu.ca/cstudies/science/selective/sld044.htm). 

Fish were transferred to the swim tunnel by dip net. Each fish was given a 10 minute acclimation period; 5 min at 0.45 m/s, 5 min at 0.55 m/s. The water velocity was then increased by 0.1 m/s every 2 minutes until the fish could no longer swim freely without resting on the rear grid, this speed was termed Ufailure. When the test was complete, the fish was removed from the tunnel by dip net and transferred to a plastic tote filled with 0.4 mL/L clove oil, a non-toxic fish anaesthetic. The fish was rendered motionless in approximately 30 seconds, at which time measurements of (fork)length, width, depth, and weight were taken. The colour and number of the Floy tag were also noted. This process took less than 30 seconds in most cases. The fish was then returned to the swim tunnel to recover at 0.25 m/s until upright and swimming freely. All fish that performed the swim challenge were released alive.

3.5. Data Analysis

Data were analyzed with Microsoft Excel( for the PC computer. The maximum swimming performance for each fish, Umax,  took into account both the maximum swimming speed as well as the proportion of the two minute interval spent at that speed. The calculation also corrected for an effect known as “blocking” which causes a slight alteration in the actual water speed experienced by the fish due to its size relative to the diameter of the tunnel (Gallaugher et al., 1995). The Umax calculation was as follows: 
Umax(corrected) = Ufailure x blocking effect

Umax(corrected) = Ufailure x {1 + 0.4[fl/(w+d/2)] x [0.25π x d x (w/πr2)]1.5}

Where:

Ufailure = maximum swimming speed (includes proportion of last speed if fish failed part way through a speed interval).

“fl” = fork length

“d” = fish depth

“w” = fish width

“r” = swim tunnel radius

The data were analyzed for statistical differences between the two treatment groups with Microsoft Excel(. Mortality rates of the two recovery boxes were compared with a Fisher’s Exact Test for proportions with a mid “p value”, using the hypergeometric distribution. The calculation was as follows:

“p value”=  H(s)  + H(s +1)… + H (s (S )

                      2

where “H” is the hypergeometric distribution value


“s” is the # of mortalities in the sample (from one box)


“S” is the # of mortalities in the population (from both boxes combined)

Differences in Umax values were compared with a student’s t-test. 

4. Results

4.1.  Mortality Rates

4.1.1.  Standard Sets

A total of 212 coho were caught during this study, 156 went through the recovery boxes, the rest were immediately released overboard because the boxes were already at capacity. A summary of capture data is contained in Appendix C. (Data from the 39 coho captured on Aug. 27 are shown separately because of the different fishing techniques described earlier.) 

The onboard mortality rate is shown in Table 2A, the delayed mortality rate is in Table 2B.

Table 2A: Onboard mortality. The number of coho assigned to either treatment and the corresponding mortality rates. 


Standard Revival Box
Laminar Flow Box

# of fish into box
39
61

# mortalities
3
1

Mortality rate
7.7%
1.6%

Table 2B: Delayed mortality. The number of coho from either treatment and the corresponding mortality rates. Letters indicate mortality rates are different between the groups (p<0.05).


Standard Revival Box
Laminar Flow Box

# of fish into net pen
36
60

# mortalities
7
2

Mortality rate
19.4% a
3.3% b

The laminar flow box had a 6-fold lower mortality rate than the standard recovery box after 24 hours in the net pen (p=0.0072). A similar trend is apparent for the onboard mortality rates but this relationship could not be established statistically (p=0.092). The total mortality rate was five times higher for the standard recovery box compared to the laminar flow box, 25.6% vs. 4.9%.

4.1.2. Simulated Large Sets

The following data were collected during the three sets made on Aug.27, 2000 in which the net was left pursed up for 20, 40, or 60 minutes before brailing to simulate fish crowding conditions during a large set. None of these fish went through the swim challenge. 

Onboard mortality rates are summarized in Table 3A, delayed mortality is shown in Table 3B.

Table 3A. Simulated Long Sets; Onboard mortality. The number of coho assigned to either treatment and the corresponding mortality rates. Letters indicate mortality rates that are different between the groups, (p<0.05).


Standard Revival Box
Laminar Flow Box




# of fish into box
26
12




# mortalities
14
1




box mortality rate
53.8% a
8.3% b




Table 3B. Simulated Long Sets; Delayed mortality. The number of coho from either treatment and the corresponding mortality rates. 

Standard Revival Box
Laminar Flow Box




# of fish into net pen
12
11




# mortalities
6
6




net pen mortality rate
50.0%
54.5%




The laminar flow box had a 6.5 times lower onboard mortality rate than the standard box (p=0.0042). There was no difference in the net pen mortality rates. The laminar flow box had a lower total mortality rate than the standard recovery box, 58.3% vs. 76.9%.

4.1.3 Standard Sets vs. Simulated Large Sets

When a comparison between the standard sets and simulated large sets was made, a large increase in the onboard mortality rate appeared. The standard recovery box mortality increased from 7.7% to 53.8% (p<0.0001), a 7 –fold difference. A similar trend appeared for the laminar flow box but this was not significantly different (1.6% to 8.3%, p=0.16). 

The net pen mortality rates appear higher in the simulated large sets as well, although this was only statistically significant for the laminar flow box (3.3% to 54.5% , p<0.001).

4.2. Swimming Performance

Those fish that survived the 24 hours in the net pen were able to swim well and this swimming ability was not improved by further holding in the net pens (up to 56 hours, Figure 1). The Umax value did not differ between the two recovery boxes (Table 4). 

Figure 1. Relationship between total time held in net pens and swimming ability.

Table 4. Summary of swim tunnel data. Ucrits are expressed as meters/second (m/s), and body lengths/second (bl/s). SEM is the standard error of mean.

Treatment
# coho swam
Mean Umax
(m/s)
SEM (m/s)
Mean Umax
(bl/s)
SEM (bl/s)

Standard Box
13
1.43
0.101
2.36
0.193

Laminar Flow Box
14
1.48
0.091
2.44
0.151

5. Discussion

5.1 Mortality Rate

5.1.1. Standard Sets


The data indicate that the laminar flow box works better to promote survival than the standard seine recovery box. The finding of a six-fold higher delayed mortality rate in fish from the standard box is an important one, as it suggests that previous observations of “recovered” fish using this apparatus may be erroneous. Clearly, there is a need for further research into the physiological state of these fish in order to investigate the reason for the high delayed mortality rate observed here. The issue of delayed mortality is of great concern within selective fisheries because the fate of released fish is virtually unknown. 

Of additional interest is how the mortality rates relate to the capture condition of the fish. It is important to note that the vast majority of fish captured during this study were of condition 3 or better (208 of 212 coho). This means that the fish that died onboard appeared to be in good condition upon capture. Again, further research into the physiology of fish recovered in the standard seine box vs. the redesigned box is required to better understand the cause of the fish deaths.

Due to the small set sizes in this study, the actual mortality rates are not representative of those in a true commercial fishing situation. However, we focus on the relative differences in mortality between the two recovery box designs. Our preliminary data show the laminar flow box has a 5 to 6-fold lower mortality rate than the standard box, both in the short term (onboard the vessel) and after 24 hours of holding in a net pen. Unfortunately, due to low sample size, the decrease in onboard mortality could not be determined statistically. We recommend further research into the use of the laminar flow box in the context of a commercial seine fishery.

5.1.2. Simulated Large Sets

Based on observations from gillnet experiments with the Fraser recovery box, it is believed that the more stressed state a fish is caught in, the more it benefits from time spent in the recovery box. Indeed, it is here that the performance of the laminar flow design exceeds the standard box. In an experimental gillnet fishery, the mortality rate between #5 (“dead”) fish was much higher for the standard box than the Fraser box (50% vs 8%) (Interim Report to DFO, April, 2000).

We endeavored to compare the two recovery boxes in terms of their ability to recover highly stressed fish in the context of a seine fishery. It was expected that the simulated large sets would produce a higher proportion of #5 (“dead”) fish and an increase in the overall stress level of the fish caught. This endeavor was not a success with respect to increasing the proportion of #5 fish, as 38/39 coho were of condition 3, but a difference in the mortality rates between the two boxes manifested itself nonetheless. 

Again, these were atypical sets and the actual mortality rates are not representative of a commercial seine fishery. However, these preliminary findings are important to note. During the simulated large sets, the onboard mortality rate was 6-fold lower for fish recovered in the laminar flow box compared with the standard box (8.3 vs. 53.8%). Unlike the onboard mortality rate from the standard sets, this relationship was significantly different ( p < 0.01). This finding is in agreement with the gillnet data in showing that the laminar flow box is more effective at reviving fish that are in a more stressed state. 

Alternately, the high net pen mortality rates are concerning. Fish from both the standard and redesigned recovery box had mortality rates of over 50%. This data introduces the possibility that highly stressed fish may not benefit from one recovery box over the other, in the long term. There is a possibility that long term stress effects could be acting on the fish at a later time, but speculation regarding the reasons for this observation is difficult without physiological data. 

Another explanation is that the high net pen deaths are an artifact of conditions in the net pens. For instance, heavy algal growth may have interfered with fish health. The algae growing on the pens was believed to be of the same type that causes fish damage in aquaculture pens (Michael Berry, personal communication). Every effort was made to wash the holding pens as often as possible, but the combination of clear water and a high growth rate made it impossible to control the algae. Due to a small sample size and the fact that a single location and vessel were used in this study, it is impossible to determine the cause of the high number of fish deaths in the pens. Therefore, the data should be interpreted with caution. More research is needed to investigate the effect of set size and fishing technique on the performance of the two recovery boxes. It would be preferable to have a larger scale study involving multiple boats and locations, as well as funding for blood and muscle sampling of the fish.

5.1.3. Standard Sets vs. Simulated Large Sets

Of particular interest in this study is the difference in mortality between the standard sets and the simulated large sets. The onboard mortality rate increased 5-fold for the laminar flow box and 7-fold for the standard recovery box under fish crowding conditions. The increase in mortality rate indicates that fishing technique and set size may be important factors in the recovery and survival of coho by-catch. Although the data are preliminary, they show a mortality rate over twice as high as the 25% currently charged to the seine fishery (Selective Fishing Policy, Fisheries and Oceans Canada, 2001) with the use of the standard revival box. Clearly, the influence of set size, fishing technique, and handling on mortality warrants closer investigation.

5.2. Swimming Performance

A swim tunnel was used to test the swimming ability of the fish. This measurement provides an indication of the overall ability of the animal to avoid predators and continue its migration. In addition, this measurement has been shown to correlate with data regarding physiological indicators of stress and recovery (Interim Report to DFO, April 2000). 

Due to a low sample size, Umax values were not separated by fish capture condition, however, previous research has shown that coho make a near full recovery after 24 hours regardless of initial capture condition ( Farrell et al., 2000). The data show that all fish that survived the 24 hours in the net pen made an equal recovery and the Umax values are in agreement with prior testing on coho salmon caught with commercial gillnet gear (Interim Report to DFO, April 2000).

6. Conclusion

This study provides evidence that the laminar flow box promotes better recovery than the standard recovery box for seine caught coho salmon.  However, the data indicate that fishing technique and set size are also important factors in by-catch mortality.  We recommend additional research to determine the effects of the use of the laminar flow recovery box in the context of the commercial seine fishery.
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