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INTRODUCTION

Fishing operations attract and provide a feeding opportunity for a range of pelagic seabird species.  Their incidental mortality on these vessels has been well documented and mounting evidence suggests that this is the leading cause of observed decreases amongst albatross and petrel populations (Gales 1998).  In longline fisheries, seabirds are caught and drowned when they snatch baited hooks as the lines are set (Brothers et al.  1999). It is during the short period while the line is within the diving range of seabirds that this mortality occurs.  Albatrosses are relatively shallow divers, 0.3-12.4m (Prince et al. 1994) although some petrels can dive considerably deeper than this depth e.g. Sooty Shearwater Puffinus griseus can dive to a maximum depth of 67m (Weimerskirch & Sagar 1996).  By minimizing the time the hook is within the reach of the birds we hope to reduce the current mortality experienced on these vessels.  

Similar studies have been conducted in pelagic longline fisheries operating off New Zealand (Anderson & Mcardle 2002) and Australia (Brothers et al. 2001).  These studies found that during normal line setting using unweighted brachlines a considerable proportion of hooks were within the known diving range of a number of seabirds frequenting these vessels (Brothers et al. 2001, Anderson & Mcardle 2002).  The addition of a 60g swivel weight within 1-2m of the hook attained the line sink rate of 0.45 m/s.  This results in the hook being out of the reach of most seabirds, excluding Sooty Shearwaters, after 30 seconds (it was estimated that the bird-scaring or tori line provided protection for 29.3 sec) (Anderson & Mcardle 2002).  Brothers et al. (2001) found that the heavier the weight, and the closer it is to the hook, the more rapidly it will sink. In this study sink rates of 0.26 m/s to 0.30 m/s were attained using either an 80g weight within 3m of the hook, or a 40g weight at the hook. However, for such line weighting regimes to be effective in reducing seabird bycatch, they need to be deployed in conjunction with an effective bird scaring or tori line.  In this study we evaluate the line sink rates currently achieved by two South African pelagic longline vessels and compare these to those achieved by employing various weighting regimes as well as line sink rates achieved by foreign flagged asian vessels operating in the South African fleet.  
Line sink rate trials have been conducted in demersal longline fisheries (Robertson et al. 2003, Moreno et al. in press) although neither of these studies evaluated sink rates in a hake longline fishery utilizing the Spanish double line system as used by the South African fishery.  This fishery also has the further complication of operating in a region and depth strata where a collapsed stock of kingklip Genypterus capensis occurs.  To catch hake the line needs to be suspended in the water whereas if this fishery was targeting kingklip or toothfish the gear should lie on the sea floor.  The Spanish double line system uses concrete weights or varying mass spaced approximately 60 fathoms (1fathom = 1.83 m) apart.  Therefore to increase the sink rate heavier weights can be used or the spacing between the weights reduced.  By decreasing the spacing between weights the possibility exists that the kingklip bycatch in this fishery could increase and thus have further negative impact on this stock.  This study therefore investigates the effect of increasing the line weighting regime and evaluates its effect on the target and non-target catch.  
It is our aim to provide practical recommendations in order to reduce seabird mortality in these fishery. 

METHODS
Time-depth recorders (TDR), manufactured by Wildlife Computers were deployed to collect hook depth over time or line sink rates. The Mk9 TDR measures depth, temperature, and light-level, and also differentiates wet or dry conditions (Table 1).

Table 1:  Mk9 archival tag specifications

	Length
	66.5 mm

	Height and Width
	17 mm

	Weight
	30 g

	Memory
	16mb non volatile flash memory

	Depth sensor range
	0.5 m increment to 2000 m

	Depth sensor accuracy
	+- 1% to 1000m

	Temperature sensor
	0.05 ºC increment –40 to 60 ºC range

	Light level sensor
	5 x 10-12 W.cm-2 to 5 x 10-2 W.cm-2

	Wet and dry sensor
	Fitted


Before deployment the TDR’s were soaked in a bucket with ambient temperature seawater (for a minimum of 30 minutes) from the deck hose supply as to stabilize the temperature, preventing fluctuations of readings at deployment. The internal clocks of the TDR’s were synchronized with the observer’s watch before deployment for the purpose of determining the exact water entry times. The wet-dry sensor also provided a useful reference to determine the water entry time. The data was downloaded after each trip and the loggers were redeployed.

Line sink rates
Line sink rates were calculated as depth of hook over time.  The optimal line sink rate was based upon on the biology of the birds associated with these vessels.  The three species caught in the largest numbers by South African fisheries are the Black-browed Thalassarche melanophrys and Shy Thalassarche cauta Albatrosses and White-chinned Petrel Procellaria aequinoctalis which dive to a maximum of 4.7 m, 7.2 m and 13.2 m, respectively.  Therefore, in order to eliminate most bycatch, we aim for the line to reach a depth of 10 m i.e a depth in excess the maximum diving depth of the majority of vulnerable seabirds, in the time it is under the protection of the tori line. Since the average setting speed is 7-8 knots and the tori line has a maximum aerial coverage of 150 m, the line should be under the protection of the tori line for approximately 40 sec. 
DEMERSAL FISHERY

History of the fishery

An experimental demersal longline fishing targeting kingklip in the continental shelf waters around South Africa was first initiated in 1983 (Barnes et al. 1997).  The kingklip resource collapsed and the fishery was closed in 1990.  Subsequent analysis showed that the kingklip stock was already under pressure from the trawl fishery prior to the initiation of the longline fishery.  In 1994 a five-year experimental longline fishery directed at hakes Merliccius capensis (mainly inshore) and M. paradoxus (mainly offshore) was started.  During this period the number of active vessels varied between 32 and 71, and annual fishing effort from 2.5 to 13.4 million hooks.  In 1998 this fishery became commercial and has remained so until the present.  

Description of fishing technique

The South African fishing fleet predominantly uses the demersal double longline technique developed by the Spanish.  Lines are up to 30 km long (Japp 1993).  The line has anchor lines at either end and two lines, a top and bottom line, between the anchor lines. The top line is lighter and more buoyant than the bottom line and is attached to the bottom line by dropper lines at approximately 50 m intervals. The sections of the bottom line between droppers are referred to as “pots” because of their storing method. Hooks (approximately 15 000, 1.5-2 m apart), weights and floats are attached to the bottom line. Hooks are baited with horse mackerel Trachurus trachurus capensis or sardine Sardinops sagax.  

Hake display a diel migratory pattern. They occur on or just above the seabed during the day and move up through the water column at night. Therefore gear is generally set after midnight to catch fish returning to the seabed in the early morning (Japp 1993). Lines are left to soak for up to 12 h before being hauled. Fish are processed during hauling, which can take up to 8 h, and offal is returned to the ocean. 

Data collection

TDR’s were attached to either a dropper, a float or a weight on the fishing line during setting. It is assumed that the portion of the line where the weight is placed will sink the fastest and the portion of the line where the dropper (made of buoyant line) or float will sink that slowest.  Line sink rates can be increased by either increasing the mass of the weight attached to the line or by reducing the spacing between the weights.  Trials compared the use of four, 6.5 and eight kg concrete weights, each weighing 2.5, 4 and 6 respectively in water. It was not practical to test concrete weights greater than eight kg as space is limited on board these vessels.  If heavier weights are to be trialed one would need to switch to lead, which may not be cost-effective, practical or environmentally acceptable.  This study has also begun evaluating the effect of reducing the weight spacing from 60 fathoms to 40 fathoms.
Results

A total of 80 datasets have been collected from various trips and under various weighting regimes (Table 2).  TDR’s were placed on 4 (n=3), 6.5 (n=5) and 8 (n=7) kg weights, weights currently used (n= 26), floats (n=3) and droppers (n=51).  Droppers and weights were spaced 60 fathoms (n=78) and 40 fathoms (n=2).  
Table 2:  Data collected
	Vessels
	Depart date
	Arrival data
	No. of 
Data sets
	No. of 
sets
	Dropper
	Weight
	Float
	Spacing

	Penkop II
	12-Feb-05
	18-Feb-05
	10
	10
	10
	
	
	60

	Avril W
	05-Mar-05
	08-Mar-05
	10
	6
	10
	
	
	60

	Aries
	26-Jan-05
	31-Jan-05
	8
	8
	8
	
	
	60

	Seapride
	23-Apr-05
	27-Apr-05
	20
	5
	10
	4 (8kg), 
3(6.5kg),
 3 (4kg)
	0
	60

	Seapride
	13-Aug-05
	14-Aug-05
	8
	2
	2
	4 (6.5kg)
	2
	40&60

	Sulaiman
	20-Oct-04
	24-Oct-04
	20
	10
	10
	9
	1
	60

	Comet
	27-Aug-04
	28-Aug-04
	4
	2
	1
	3
	
	 

	TOTAL
	 
	 
	80
	43
	51
	26
	3
	 


The portion of the line where the weight is situated sank at an average rate 0.28 m/sec (n=39) which was significantly faster that the portion of the line where the dropper is attached (average rate of 0.05 m/sec) (t=13.6, p=0.0002) (Fig 1,2,3,4).  
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Fig 1.  Average line sink rates of TDR’s placed on weights, droppers and floats.

Table 3.  Results of statistical analyses
	Treatment group
	Test
	t/z
	P-value

	4 kg vs drop
	T-test
	5.2
	0.00001

	6 kg vs drop
	T-test
	9.7
	0.0001

	8 kg vs drop
	T-test
	8.8
	0.006

	4 kg vs 6 kg
	Mann Whitney
	2.1
	0.03

	6kg vs 8kg
	T-test
	2.2
	0.12

	4kg vs 8 kg
	Mann Whitney
	2.1
	0.03
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Fig 2. link sink rates for TDR’s placed on 4kg weights and corresponding droppers.
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Fig 3. link sink rates for TDR’s placed on 6.5 kg weights and corresponding droppers.
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Fig 4. link sink rates for TDR’s placed on 8kg weights and corresponding droppers. 
There was a significant difference between the sink rates of 4 versus 6.5 kg weights and between 4 and 8 kg weights (Table 3, Fig 5).  There was however no difference in the sink rate of 6.5 and 8 kg weights.  Dropper lines corresponding to the above mentioned weights showed a similar pattern i.e. droppers placed next to 4kg weights sank significantly faster than 6.5kg droppers (p=0.05), but there was no difference between sink rates of droppers placed near 6.5 kg and 8 kg weights (p=0.8) (fig 6). 
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Fig 5. Link sink rates for TDR’s placed on 4, 6.5 and 8 kg, respectively.
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 Fig 6. Average link sink rates for TDR’s placed on 4, 6.5 and 8 kg and corresponding droppers, respectively.
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Fig 7. link sink rates for TDR’s placed on 6.5 kg weights and corresponding droppers, under two spacing regimes of 40 and 60 fathoms, respectively.

Conclusions
Our findings suggest that if 6.5 or 8 kg concrete weights are used at a distance of 60 fathoms apart only the portion of the line closest to the weight will sink at the desired sink rate of 0.3 m/sec.  These results suggest that in order for the entire line to sink at the desired rate the distance between the weights will need to be reduced. There is a concern that by reducing the spacing between the weights the line will lie lower in the water and thus increase the catch of other vulnerable species, especially kingklip.  The catch per unit effort (CPUE) of the target catch could also change.  As a result Marine and Coastal Management have awarded BirdLife an experimental quota of 10 tonne for hake.  This will allow us to manipulate the gear configuration and test its effect on the CPUE of the target and non-target species without compromising the fishing efficiency of existing quota holders.  The first trip has been undertaken using weights spaced 40 fathoms apart (fig 7).  Unfortunately this trip was called short due to bad weather, but field trips will recommence next week (6 September).
PELAGIC FISHERY
History of the fishery

The earliest record of a South African domestic pelagic longline fishery date back to the early 1960s.  This fishery predominantly targeted Albacore Thunnus alalunga, Southern Bluefin T. maccoyii and Bigeye T. obesus tunas (Cooper & Ryan 2003).  Effort waned in the domestic fishery in the mid 1960s, as interest shifted to more lucrative fisheries.  Thereafter pelagic fishery effort was largely conducted by Japanese and Taiwanese vessels as part of a bilateral agreement.  Their fishing effort accounted for 96% of the c. 12 million hooks set annually within the South African EEZ during 1998-2000 (Ryan & Boix-Hinzen 1998, Ryan et al. 2002). In 1995 a permit was issued to conduct a joint venture between a South African and Japanese vessel.  This joint venture showed that tuna and swordfish could be profitably exploited in South African waters and consequently the directorate Marine and Coastal Management issued 30 experimental permits in 1997.  

All foreign licences were revoked in 2002. This has resulted in a smaller and domestic fishery operating in South Africa’s Exclusive Economic Zone (EEZ). However, the domestic fishery was further developed in 2004 when 50 commercial fishing rights were made available for allocation.  The reason for the expansion of the fishery is to improve South Africas catch history and thereby motivate for larger country allocations at Regional Fisheries Management Organisations (RFMOs), such as the Internation Convention for the Conservation of Atlantic Tunas (ICCAT) and Indian Ocean Tuna Commision (IOTC).  Twenty six rights (11 Korean, 2 Philippine and 4 South African flagged vessels; remaining permits under ship building contracts) were allocated to vessels fishing for tuna and 17 for those fishing for swordfish (15 South African, 1 Belize and 1 Australian flagged vessel) in March 2005.  

Description of fishing technique

In general a mainline, which could be over 100 km long, is made of multi- or monofilament nylon.  It is usually set between late afternoon and midnight (40% of sets commenced after dark, 35% during the light and 25% during twilight) and is allowed to soak until dawn.  The line is kept close to the surface by numerous buoys which are attached to the mainline via buoylines at an average of 194 m (range 46-370 m, std dev 108) apart and are on average 18 m (range 10-37 m, std dev 3 m) long.  Additional radio or light buoys are also used to locate the line.  There are between 20 and 472 (average 272, std dev 100) buoys on a line and on average five (range 3-30, std dev 3) branchlines or snoods between buoys.  On average 1300 (range 125-2800, std dev 408) hooks are attached to the mainline the branchlines.  Branchlines are spaced evenly along the mainline at an average of 42 m (range 17-65 m, std dev 15) apart.  A branchline can be made up of several parts, an upper section, a trace, a lightstick (optional) and a baited hook.  They vary between 17.5 m and 78 m (average 34 m) long.  

There are two distinct pelagic or surface longline gear configurations based on whether the target species is swordfish or tuna.  To target swordfish the hooks are generally set shallow (seldom deeper than 40 m) by using short buoylines and branchlines and no line setter.  In general lightsticks are also used.  This gear configuration generally characterizes the South African fleet.  Those that target tuna set the hooks deep (often deeper than 200 m) by using a line setter and long buoylines and branchlines.  Lightsticks are seldom used.  This gear configuration is generally employed by the Japanese and Taiwanese fleets.  
Data collection

All droplines with TDR’s attached were made up before the voyages using the most commonly used configuration used in the South African fleet. This consisted of a snap-on clip (tuna clip), 8 fathoms of 2 mm monofilament upper section, a swivel, 2 fathoms of lower section and a hook. The TDR was sliced and cable tied 1 m above the baited hook. The hook was attached by means of a 15 kg breaking strain “weak link” to minimize the potential loss of the TDR’s. 

Data was collected under three weighting regimes.  In experimental group (a) a non-weighted swivel was used on the dropline, group b) one 60g lead weighted swivel was added to the dropline and group c) two 60g lead weighted swivels were used in tandem on the dropline (120 g lead weighted swivels were not available).  Data was collected from 21 sets (11 on the Barbara Louise and 10 on the Casablanca).  All three experimental groups were tested in each set in order to standardize the conditions under which the data was collected.
The trials were conducted on two South African pelagic longline vessels, Casablanca and Barbara Louise, during 5-27 August and 16-28 October 2003 respectively.  The Casablanca fished within the 200 NM Republic of South Africa (RSA) Exclusive Economic Zone (EEZ) Southwest of Cape Town whereas the Barbara Louise fished outside the RSA EEZ east of Richards Bay. Both vessels are typical of vessels in the South African Tuna directed longline fleet, steel hulled and fitted with a spooled monofilament surface longline system. It was noted that the setting position on the Barbara Louise was unusually high (estimated 5m) above the waterline. The crew on the Casablanca occasionally cast the bait sideways to avoid the prop wash from the vessel.

TDR’s were also deployed on the Asian flagged pelagic longliner, Oroyong 353, in July 2005 using the standard gear configuration which typically does not include a weighted swivel, but frequently includes a 2 m section of lead core line.  The total weight of the branchline on this vessel averaged 600g.  Average sink rates achieved by this gear configuration are reported.
Results

A total of 66 datasets were collected from Casablanca (n=33), Barbara Louise (n=30) and Oroyong (n=3) (Table X).

Table 4:  Data collected

	Vessels
	Depart date
	Arrival data
	No. of 
datasets
	No. of
 sets
	No 
weight
	60g
	120g

	Casablanca
	05-Aug-03
	27-Aug-03
	33
	11
	11
	11
	11

	Barbara Louise
	16-Oct-03
	28-Oct-03
	30
	10
	10
	10
	10

	Oroyong
	18-Jun-05
	01-Aug-05
	3
	3
	0
	0
	0

	TOTAL
	 
	 
	66
	24
	21
	21
	21


The three experimental groups unweighted branchlines, one 60 g weight and two 60g weights, each achieved average sink rates of 0.12, 0.24 and 0.30 m/sec respectively.  Only the branchlines with two 60 g weighted swivels sank at the desired rate of 0.3 m/sec (fig 8).  An ANOVA revealed a significant difference between experimental groups (F-686.4, p=0.0000).  The “one weight” group sank significantly faster than the “no weight” group (p=0.0001).  However there was no statistically discernable difference between the use of one 60 g swivel and two (p=0.2).  The experimental group with no weights never reached the ideal line sink rate of 0.29 m/s.  The group using one 60g weight reached this rate 7 out of 21 sets and the group using two 60g weights obtained the ideal line sink rate 9 of 21 sets (fig 9).  The line sink rate averaged 0.12m/sec (range:  0.06-0.12, std dev 0.06) on the Korean vessel, Oroyong (fig 10).
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Fig 8 :  Hook depth versus time for three experimental groups a) no weight, b) one weight and c) two weights.  Arrows indicate maximum diving depths for Black-browed and Shy Albatrosses and White-chinned Petrels respectively.
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Fig 9:  Line sink rates achieved by the three weighting regimes.
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Fig 10:  Line sink rates achieved by Korean gear configuration 
Conclusions
Too few data exist to draw a definitive conclusion.  However, from this preliminary data set it appears as if using two 60g weights between each hook increases the line sink rate and results in the line being out of reach for the majority of vulnerable seabirds. This may or may not be a practical solution to fisherman.  The data set to date has not been sufficient to evaluate the effect of weather and sea conditions.
Future work should focus on increasing the sample size.  More data would allow one to confirm this finding.  The effect on line sink rates of a number of alternative techniques also needs investigating.  These include the effect of reducing setting speed, environmental factors, casting and the use of a line-setter.  The use of a line setter reduces the tension on the mainline, which may result in increasing the line sink rate.  The practice of casting the bait away from the propwash may have the same effect. The use of line setters and bait casting machines is widespread on foreign vessels, but few, if any, of the local surface longline vessels are fitted with such equipment. Although the line will not be under the protection of a tori line when it is cast to the side of the vessel, casting may have a further advantage in that the birds are accustomed to feeding behind the vessels and not to the side although in time they will learn.  It will however have the disadvantage that the line will not be under the protection of the tori line.  This technique needs to be evaluated.  The effect of frozen versus thawed bait as well as the type of bait used could also effect the line sink rate.  A thawed squid for example could trap air in the mantle and delay line sink rates. 
Although the sample size (n=3) is inadequate to accurately define the line sink rate achieved by Asian flagged longline vessels, our findings suggest that the current sink rate is inadequate to reduce seabird mortality and is most likely contributing to the high mortality rates (average 1 bird/1000 hooks) currently experienced by these vessels. 

Field conditions vary tremendously as do the nature of the vessels, however, practical solutions which are effective under most conditions need to be sought in order to reduce seabird mortality and to allow fishing activity to continue in a sustainable manner.
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