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To date, the primary research findings with respect to turtle bycatch reduction on longline gear have been; 1) that replacing J hooks and tuna hooks with circle hooks reduces the severity of injury to captured turtles; and 2) that using larger sizes of circle hooks (i.e., wider than 4.9 cm, e.g. size “18/0”) circle hooks, and/or using fish instead of squid for bait can substantially reduce sea turtle bycatch (Watson et al. 2005).  With respect to target species catch per unit of effort (CPUE) and the consequent economical viability of alternate hooks, circle hooks (especially large ones) reduce target species CPUE when compared to the hooks they have replaced in tests (Figure 1).  In most tests, circle hooks have been compared with smaller (narrower) hooks.  It is hypothesized that in addition to their incurved point the wider aspect of circle hooks causes them to catch fewer turtles.  This width aspect, as well as shape could be the cause for decreased target species CPUE.  Management measures used in U.S. longline fisheries for swordfish overcome the significant decrease in target species CPUE expected from the use of large (18/0) circle hooks by utilizing fish instead of squid for bait, since mackerel bait was shown to produce a higher catch rate for swordfish than squid (Watson et al., 2005).  

Figure 1.  Types and sizes of traditional hooks (top row) and alternative hooks (bottom row) used in most tests.

At the FAO Technical Consultation on Sea Turtles Conservation and Fisheries held November 29 – December 2, 2004, in Bangkok, Thailand most participating nations expressed a wish to conduct experiments with sea turtle bycatch reduction technology prior to adopting any specific fishery management alternatives.  At the consultation, NOAA Fisheries Service offered to help participants design programs for developing and testing turtle bycatch reducing technology in their countries.  Subsequently, NOAA Fisheries Service has been conducting technical workshops and collaborative experiments with scientists from many nations, and there have also been a number of independent efforts to test the efficacy of circle hooks or fish bait in reducing sea turtle bycatch and in retaining viable catch rates of target species (Gillman et al., 2006a). 

In Hawaii, during 2004-2006, longline fishermen resumed shallow night-set fishing operations targeting swordfish using large circle hooks.  In the 1990’s, Hawaii longline sea turtle bycatch numbered approximately 700 per year but when the swordfish fishery 
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Figure 2.  The top graphic combines data for all Hawaii longline fishing sectors (deep- and shallow-set) and shows total (all styles) longline fishing effort and the estimated (1994 – 2004) and projected (2005) sea turtle captures (including non-fatal captures).  Interactions projected for 2005 include strictly enforced shallow-set turtle capture limits.  Despite continuously increased fishing effort turtle bycatch was radically reduced, first by the shallow-set closure and subsequently by the adoption of effort limits and requirements to use large circle hooks and fish bait in the reopened shallow-set swordfish fishery.  The olive ridley bycatch increase in 2004 was due solely to deep-set fishing using traditional gear and methods, and so far in 2005 bycatch of all turtle species has been much lower than projected.  The bottom graph shows swordfish catch rates before and after the 3-year closure of the swordfish fishery.  Swordfish catch rates were quite good in the first two quarters of the 2004-05 swordfish season, and during the closure showed little trend in the deep-set fishery sector that remained open.

closed in the year 2000 turtle bycatch was greatly reduced because turtles had mostly been caught on swordfish trips.  Preliminary results for the reopened “model” fishery using 18/0 circle hooks and fish bait demonstrated great success in maintaining a low level of turtle bycatch and a high level of fishing success (Figure 2).  Subsequently, Gillman et al. (2006b) reviewed the observer data from before and after the adoption of large circle hooks and fish bait and reported the new methods to be completely successful.  Closure of the fishery in early 2006 due to reaching the allowed number of turtle takes was not due to any failure of the new gear to reduce turtle catch rates.  The allowed number of turtle takes was the average annual number expected for the effort-limited fishery, and with highly variable turtle catch rates, reaching the average number early in some years is expected.  The successful adoption by a Pacific fishery (Gillman et al. 2006b) of fishing methods tested in the Atlantic (Watson et al., 2005) should further the promotion of these methods in other Pacific fisheries.  These techniques were designed, tested, and demonstrated to be successful in shallow set fisheries that target swordfish (Fig 3).  Turtle bycatch tends to be highest in shallow set fisheries.
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Figure 3.  Shallow set, swordfish targeting gear configuration compared with that of deep set, tuna targeting gear in the Hawaii fishery (both  illustrated at the same scale).
Recent results on hook performance in the Hawaii deep, day-set fishery targeting tuna include target species CPUE data for 3 sizes of circle hooks (14/0, 15/0, and 16/0) that can be compared with CPUE data for two sizes of traditional tuna hooks (size 3.6 and 3.8 sun).  The deep, day-set longline fishery for tuna in Hawaii is not required to use any particular size or style of hooks, but traditionally used tuna hooks, like the Japanese counterpart from which it was derived early last century.  Smaller sized circle hooks are gradually making an appearance in this fishery.  The original circle hooks tests (Bolten and Bjorndal, 2002, 2003, 2004, Watson et al., 2005) were conducted in fisheries where “J” hooks rather than tuna hooks were traditionally used (i.e., in the Azores and New England fisheries).  Although prior testing of tuna hooks as an alternative in the shallow-set Azores fishery targeting swordfish and shark indicated that circle hooks were far superior to tuna hooks in reducing turtle bycatch (Alan Bolten, personal communication, 2004) it remained uncertain how well circle hooks would perform as an alternative to tuna hooks in catching target species in deep set tuna longline fisheries (Figure 3), which represent the majority of pelagic longline fisheries worldwide.  Preliminary analyses of the different styles and sizes of hooks used in the Hawaii tuna longline fishery indicated no significant differences in CPUE for target species or shark bycatch, although the statistical power to detect such changes was low in the first analysis.  Too few turtles were caught to make any reliable inferences.  
A much larger experimental study using a treatment of size 18/0 circle hooks compared to an equal number of regular (tuna) hooks is now underway using 19 vessels in the Hawaii fishery.  This study is sufficient data for a statistically powerful analysis of the effects of using large circle hooks in tuna fishing.  Preliminary results from testing 546,808 hooks in this study show that bigeye tuna CPUE with large circle hooks is at least as good as with the tuna  hooks (Figure 4).  Shark catches were not higher with the circle hooks.
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Figure 4.  Comparison of target and incidental catch rates from a study comparing large circle hooks to tuna hooks in the Hawaii deep set tuna longline fishery.
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Another aspect of hook shape that has been subject to recent testing is the offset point. This is the angle at which the point of the hook is bent away from the plane containing the remainder of the hook (best defined by illustration, Figure5). The original longline turtle bycatch experiments (Bolten and Bjorndal 2002, 2003, Watson et al., 2005) used circle hooks with little (10 degree) or no offset.  Although not well designed to test the difference in turtle bycatch rates between offset and non-offset hooks, these studies indicated no significant differences in turtle captures due to offset points.  In 2004, testing in the Azores specifically designed to detect any effect of a 10 degree offset in size 18/0 circle hooks found no effect (Alan Bolten, personal communication, 2005).  In 2004, the turtle conservation organization called the Programa Restauración de Tortugas Marinas began testing 10 degree offset size 16/0 circle hooks versus non-offset circle hooks of the same size in the Costa Rica longline fishery for mahimahi (Coryphaena hippurus);  This study has found no significant difference in turtle capture rate due to a 10 degree offset point.
Figure 5.  Mechanical drawing of an offset circle hook showing the location of the bend and the angle that defines the degree of offset. 

The largest trial of circle hooks now underway is being conducted in Ecuador, where size 16/0 and 18/0 circle hooks are being tested in the longline fishery targeting tunas and sharks, and sizes 14/0 and 15/0 circle hooks are being tested in the longline fishery targeting mahimahi.  Both these fisheries conduct relatively shallow-set operations compared with Japanese- and Hawaiian- style deep-set longline operations targeting tunas.  In these tests, two sizes of circle hooks are being substituted for 2/3 of the predominantly used hook type, usually tuna hooks or “J” hooks, so that each longline is set with three hook types alternating in equal numbers along the line.  In the Ecuador study (Largacha et al., 2005), both sizes of circle hooks significantly reduced the bycatch rate of turtles in the tuna and shark fishery, with the 18/0 hooks providing the greatest reduction.  The data from the mahimahi fishery also suggest some reduction in turtle bycatch (not significant) and in both fisheries circle hooks reduced the incidence of deep hooking and reduced estimated post-release mortality. 
When turtles are not hooked deep in the throat or digestive tract they are less likely to die after release (Chaloupka et al., 2004), and the use of circle hooks in the Ecuador study substantially reduced estimated post-release mortality.  The most interesting finding was that circle hooks smaller than the size 18/0 hooks which were effective in reducing turtle bycatch in Atlantic studies (Watson et al., 2005) appeared to reduce turtle bycatch in the Ecuador fisheries.  This may be because the average sea turtle size is smaller in the Ecuador fisheries, where the predominant species of turtles hooked are olive ridley and black (green) turtles.  The previous studies in the North Atlantic involved mostly bycatch of larger loggerhead and leatherback turtles.  Another important finding was that turtle entanglements were almost as frequent (in the mahimahi fishery) or more frequent (in the tuna fishery) than turtle hookings.  These are much higher entanglement rates than are observed in U.S. fisheries.  Techniques for reducing these entanglements have not yet been devised or tested.

Unfortunately, the Ecuador test results suggest reduced target species CPUE, especially in the mahimahi fishery where sizes 13/0 and 14/0 circle hooks caught 30-35% fewer fish per unit of effort than tuna or “J” hooks (Largacha et al., 2005). Target fish CPUE reduction of about 6-10% with size 16/0 and 18/0 circle hooks in the tuna and shark fishery was not quite statistically significant.  Circle hook catch rates for sharks were often higher than for tuna and “J” hook catch rates for sharks, and tuna catch rates were not very different between hook types in the tuna and shark fishery, but the results for individual fish species have not yet been rigorously analyzed.   The type of bait used in the Ecuador fisheries varies with availability and was not controlled in the experiments.

A very important aspect of the Ecuador project is the promotion of improved handling, dehooking, and release of captured turtles (Largacha et al., 2005).  Similar projects are being initiated throughout Latin America by IATTC (2006)  working with NOAA Fisheries Service, the World Wildlife Fund (WWF), the Latin American governments, and local conservation organizations.  In the western Pacific, NOAA Fisheries has initiated similar projects in Republic of the Marshall Islands, Federated States of Micronesia, the Solomon Islands, Indonesia, Papua New Guinea, and Vietnam, and is also working with the Forum Fisheries Agency.   

Experiments conducted in Mexico by the National Fisheries Institute compared turtle and fish catches between tuna hooks (size 3.8 to 4.0 sun, or size 8/0 to 9/0) “J” hooks (size 8/0 and 9/0), and small (size 16/0) circle hooks (Ignacio Mendez, personal communication, 2005).  This study also compared mackerel and tuna baits.  Preliminary results indicated no difference in turtle catch rates between hook or bait types, and this ongoing study is being expanded to include testing of 18/0 circle hooks.  In this study, circle hooks reduced deep hooking injuries to turtles.  Circle hooks had a higher CPUE for sharks and are reportedly becoming more popular in the fishery.

In more recent collaborations with the NOAA Fisheries Service, this summer researchers from Korea’s National Fisheries Research and Development Institute (NFRDI) are again testing several sizes (15/0, 16/0, and 18/0) of circle hooks versus size 4.0 sun tuna hooks in a month of deep-set longline fishing targeting tuna on a contracted commercial longline vessel in the eastern tropical Pacific (Soon Song Kim, personal communication, 2006).  Preliminary results (Kim et al., 2006) suggested that large circle hooks reduced CPUE for bigeye tuna, but that small circle hooks performed similarly to tuna hooks in catching bigeye and yellowfin tuna.  Elsewhere in the world, additional experiments are underway comparing size 18/0 circle hooks with “J” hooks in the Brazil swordfish fishery, comparing 16/0 circle hooks with “J” hooks in the Italian swordfish fishery in the Pelagie Islands, and comparing fish to squid bait in the Spain-based swordfish fishery.   The Brazil results indicate reduced turtle bycatch and maintained target CPUE.  Preliminary results from the Spanish Mediterranean study indicate about a 50% reduction in turtle bycatch using fish bait, without reducing target CPUE.  The second year of that study is now underway.
Several other studies by independent researchers (e.g. Minami et al., 2006) were reported to the Scientific Committee, Second Regular Session, 7-18 August 2006, Manila, Philippines.  These results can be found, along with some other studies cited here, on the WCPFC website at http://www.wcpfc.org/.
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