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SUMMARY 

'_ ' ,_, _ i . 

Since the late 1980.s a fishery has developed in deep. water west of the British Isles targeting a 
variety of species, many of which were formerly unknovm to European f!1arkets. At presenUhere 
are two .distinct fleets operating in deepwater and landing into Scotland; Atleet of five French 
vessels ·of 45 to 50. m totallengih capable of fishing to depths of over 1,50.0 m and a second of 
Scottish trawlers of b~tween 24 and 3D m mainly targetinggadoids and Lophius spp. on the . 
continental shelf but occasionally fishing down to about 1,0.0.0. m depth. Both fleets divide their 
fishing effort between the deep water fishery and traditional fisheries on the continental shelf. 

Discards from both fleets were sampled at sea qetween 1996 and 1998 and marked differences 
were observed between the two fleets in terms of the species composition of their .discards. It 
is thOUght thatthis can be accounted for to a large ext~ntby differE!nces in the depth range 
fished. 

c INTRODUCTION 

Commercial. exploitation of deep water fishes in the Rockall Trough be.gan in the late 1980.s 
when French vessels, which had traditionally targeted gadoid species on the continental shelf 
west of Scotland, began to develop markets for previously unexploited species from deeper 
water. In the mid 1990.s several of the larger Scottish trawlers also began to direct some of their 
effort to. deep water, principally in search of monkfish (Lophius spp.) but also landing significant 
quantities of deep water species. .. 

As part of the EC funded project CT 95-0.655 "Developingdeep water fisheries: data for their 
assessment and for understanding their impact on a fragile enVironment" the Marine Laboratory, 
Aberdeen has undertaken sampling of the discards of vessels landing deep water species into 
Scotland. 

Discards can be defined as fish that. are brought onto the deck of fishing vessels and. 
subsequently returned to the sea. Discards from trawlers can generally be divided into two 
categories; fish of commercially valuable species which are below the minimum size that is 
acceptable to the markets or which are damaged, and fish of species with no commercial value. 
Estimates of the former are vital in the assessment of commercial fish stocks, however with 
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growing interest in the wider ecosystem effects of fisheries, it is also desirable to obtain, where 
possible, estimates of the laller, non-commercial discards. . . 

For commercial species, discarding rates are strongly influenced by minimum landing size and 
market conditions and are usually expressed as a proportion of the total catch, however for hone 
commercial species,100%of the catch of each species is discarded and hence discard must 
be expressed as weight or numbers of fish discarded. Thus for non-commercial species discard 
rate is equivalent to total catch rate while for commercial species it is influenced by catch rate, 
size distributiori and selection by the crew. .' . 

In view of the limited sampling opportunities, the only a priori stratification applied to sampled 
trips was the division into French vessels landing in Scotland and Scollish vessels. In the 
absence of any hard statistical evidehce that discarding rates differ significantly between the two 
fleets there are good intuitivereasons to make this distinction, namely that the two fleets are 
targeting different species using different gear and different sizes o/vessels. 

MATERIALS AND METHODS 

Deep water fisheries are defined, for the purpose of the study as fisheries conducted at depths 
greater than 400 metres .. During the period covered by this study, all French landings of deep 
water species ioto Scotland could beallributed'to a fIE~et of five French trawlers of 4510' 
50metres length, all owned by the same. company and landing theircatches into Lochinver, a 
small port on the west coast of Scotland .. These vessels divide their fishing effort between deep' 
waterspecies and traditional shelf fisheries, particularly forsaithe (PoJ/achius virens),and . 
typically fish both indeep water and on the shelf duringthe course of a single fishing trip.' They 
are capable of fishing to depths in excess of 1,500 metres. 

" - i -, " , 

The Scollish fleet in deep water consists of vessels between about 24 and 30 metres in length 
which exploit· a variety of demersal fisheries aroun'd Scotland and are capable of fishing to . 
depths of around 1,000 m. The humber of Scollish' vessels involved in this fishery is difficuillo 
determine because some vessels spend much oftheirtime in deep water while others make only 
occasional trips. 

The target level of sampling effort was one vessel, selected at random from either of the two 
fleets to be sampled, in each quarter. In the' early part of the project difficulties were 
encountered inidentifying vessels which were both intending to fish in deep water and prepared 
to carry an observer anoas aresulltwo quarters were missed. However, these problems we're 
overcome, and subsequently sampling was carried oulin every quarter. Table 1 lists sampling 
coverage to date. , . 

The sampling protocol foliowedWas similar to that used by the Marine Laboratory in its demersal 
discard sampling programme. For every haul, the total bulk was estimated as the catch was' 
brought on board and total discard estimated by subtracting the weight of retained ca.tchfrom 
the estimated total qulk. Two baskets (approximately 60 kg) of mixeddiscarded materiaJwere' 
sampled from every hauL All the fish in this sample were identified and measured and otoliths 
were taken from a sub-set ofthesampfe. Weighlof each species in the sample was calculated 
by application of appropriate weightllength equations to measured lengths. Numbers and weight 
of each species in the samples were multiplied by the ratio total discard weight/sample weight 
to give an estimate of discard of each species from each haul and these were summed over the 
trip to give total trip' discard of each species. A full description of the method used can be found 
iii Jermyn and Hall (1978), Jermyn'and Robb (19S1) and Jermyn (1989). 
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RESULTS 

A total of B5 species have been recorded in discard samples. A complete species list isgiven 
in Table 2 together withindica:tions of their occurrence irj the two fleets and two depth strata. 
Figures 1 and 2 show the species corn'position of discards on observed trips from the two fleet 
by weight and numbers. These have been further broken down by extracting discards from 
hauls at depths greater than 400 metres (Figs 3 and 4). Species which account for less than 1 % 
of the total discard by weight or numbers have been aggregated as "others". 

To test whether observed differences in discarding rates were statistically significant; t-tests were 
performed on discarding rates, expressedas discard per hour fishing over an entire trip, for each 
of the 15 species which individually accounted for more than 1 % of the total observed discard 
(Table 3). Taking P'" .05 as the'cut off level of probability for significance it was shown that the, 
two, fleets differed significantly in discarding rates of 4 of the 15 species including A/epocepha/us 
bairdiiandArgentiha silus which are the two most abundanlspecies, together making up 47% 
of the total discardahd Phycis b/ennoides and Helico/enus dacty/opterup which are the most 
abundant commercially valuable species in the discards.' 

DISCUSSION 

A complicating faCtor inthestlldy of this fishery is thewioe, range afdepths fished, with vessels' 
dividing theirfishing effort to a greateror lesser extent between continental shelf and deep water 
fishing grounds. The continental slope in this area is very steep so that as little as five miles may'" 
separate the deep water and continental shelf fishingare'as. This mean that vessels can move 
very easily from one fishery to the other and, as fishing positions are reported only to within a 
specific statis,tical rectangle (30 by 15 nautical miles), vessels may have fished at a wide range 
of depths within a' single reported area . 

. , i 

Figure 9 Showsthe,depth distribution offishing effort on'ob,served trips. It can be seen that a 
clear diStinction can be made I:>etweenthe continental shellfishery between 100 and 400 metres 
and the deep water fishery below 400 metres. Within the deep water fishery, Scottish vessels 
concentrated their fishing effort between the 600 and 900 metreisobaths while the French fleet 
fished over a much wider depth range from 500 to 1,400 metres. These observed differences 
in fishing depth reflect differences in target species. In the 400 to 900metre range, both fleets 
target blue ling (Mo/va dypterygia), monkfish (Lophius spp.), black scabbardfish (Aphanopus 
carbo) and squalid sharks, (Centroscymnus coe/olepis and Centrophorus squamosus) with 
limited, catches of roundnose grenadier (Coryphaenoides rupestris), while in the 900 to 
1,400 metre range the main target species for French vessels were rQundnose grenadier and ' 
C. coe/o/epis. ' , ' 

It can be seen from Figures 1 to 4 that considerable differences in species composition were 
observed between the discards of the two fleets. Species compositions of discards (by number) 
of the two fleets from hauls atdepths greater than 400 metres were compared using Pearson's, 
product moment correlation on log transformed data (Fig. B) and were found to have a 
correlation coefficient of r = .54. The most obvious differences between the discards of the two 
fleets were the relatively high proportions in the discards of the Frenchvessels of A/epocephalus 
bairdii, Trachyrhynchusmurrayi and CoryphaenoidesrupestriS, species which are mainly 
associated with depths of greater than 900 metres. When discardS from depths greater than 
900 metres are separated out (Figs 5, 6 and B), it can be seen that species compositions of 
discards from the two fleets within the 400 to 900 metre depth range were more similar (r = .74) 
while those of French vessels fishing ,at depths greater than 900 mrtres were very different. 
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This seems te cenfirm that much of the variatien between the two fleets can be acceunted for 
by differences in the range of depths fished. 

Even within theshared depth.range ~f 400 to 900 metres there am 'neticeabledifferences 
between the discards of the twe fleets (l:ig. 5). Cemparison of disc€lrds ever a narrower depth' 
range ,(Figs 7 and 8) shews tha,t within. a depth range of.1 00 metres species cempesitiens were 
very similar (r = .82). It can.\here(erebe cencludedth,at when fishing at similar depths, th.e 
discards .of Scettish and French vessels werl3 similar and that the. cjifferences in species 
cempesitien .observed between the tetal discards .of the two fleets can be accounted fer te a 
largeextl3nt by differences in the depth. range fished .. 

This is further iilu~t~~ted by Figure 10 which sh6wsthat many of thl3 mest abundant non­
cemmerciaL species. have, narrow depth distributions relative to the tetal depth range .of. the 
fishery. Thus eVl3n arl3latively ~malldifference in.fishing depth ceuld.preduce a large difference . 
in speciescefTlP6sitien. The. extent to which thecjepth range fished en. observed trips i,s 
representative .of the. twe fleets,as a whele is uncertain and it must beneted that censiderable • 
variatien was .observed beween trips (Table 1).' ." .' . ". . 

It sheuld alse be neted that like all fisheries, but perhaps mere than mest, this fishery is in a 
centinuous state .of develepment. This is particularly apparent fer Scettish fishermen whe are 
relative newcemers te the fishery and are in a centinual process .of adapting vessels, gear and 
fishing practices .. Recentdevelepml3nts within the fishery have see I) many ScottishdeflPwater 
vessel~ change from traditi(lnal.~ingll3 rig trawls to twin rig, and the additien te the fleet this. year ; 
.of twe new vessels of over 40 metrl3~ length. These coul(ll:;le expected te be mere similar te the 
french.vess.elsin their fishing depih range and hence catch cemposition. 

, - , .: ' ,- , 

Whil~further develop~~nt in tht;) future is likeiy, the results elthis study indicate that the fishery ; 
can be divided inte three sub-categories based on depth: a shelffishery from 1 00 to 400 metres, ! .. 
an upper slepe fishery frem 400 te 900 metres and a deep slepe fishery belew 900 metres. 
SincE! thet.ishermen are not requiredte recerd fishing depth in their efficiallegbeeks depth would 
net pr,ovide apracticaJ basisfer stratificatien. If sampledve~sels can qe assumed te be typical ; 
.of their respective national fleets with respect to depih distriblJtion .of fishing effort then natienality 
weuld. appear to bethe best practical basis t.or stratificatien. . , 
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TABLE 1 

Discard sampling trips 1996 to 1998 

Year Quarter Vessel nationality 
Tows sampled Tows sampled 
>400 m depth <400 m depth 

1996 2 Scottish 19 0 

1997 1 Scottish 9 12 

1997 2 Scottish 36 16 

1997 3 French 18 7 

1997 4 French 17 12 

1998 1 French 20 4 

1998 2 French 37 0 

Total 156 51 
. 





TABLE 2 

Occurance of species in discard samples from French and Scottish vessels 

Hauls at depths less Hauls at depths greater 

Species than 500 m than 500 m 

French Scottish French Scottish 

Argentina silus + + + + 
Galeus melastomus + + + + 
Glyptocephalus cynoglossus + + + + 
Helicolenus dactylopterus + + + + 
Lepidorhombus whiffiagonis + + + + 
Micromesistius potassou + + + + 
Centroscymnus crepidater + + + 
Chimaera monstrosa + + + 
Lepidion eques + + + 
Ma/acocephalus laevis + + + 
Nezumia aequalis + + + 
Phycis blennoides + + + 
Raja fyl/ae + + + 
Alepocephalus bairdii + + 
Anarhichas denticulatus + + 
Antonogadus macrophtha/mus + + 
Apristurus laurussoni + + 
Coryphaenoides rupestris + + 
Deania calceus + + 
Epigonus telescopus + + 
Halargyreus johnsonii - + + 
Hydrolagus mirablis + + 
Molva dypterygia + + 
Moramoro + + 
Synaphobranchus kaupi + + 
Xenodermichthys copei + + 
Merluccius merluccius + + + 
Scyliorhinus canicula + + + 
Squalus acanthias + + + 
Etmopterus spinax + + 
Ommastrephidae + + 
Sebastes viviparus + + 
Anarhichas lupus + + 
Alepocephalus rostrata + 
Antimora rostrata + 
Aphanopus carbo + 
Bathypterois dub ius + 
Bathyraja spp + 
Breviraja caerulaea + 
Cataetyx laticeps + 
Centoscymnus coelolepis + 





Hauls at depths less Hauls at depths greater 

Species than 50.0. m than 50.0. m 

French Scottish French Scottish 

Centrolophus niger + 
Chauliodus sloani + 
Coelorhynchus coelorhynchus + 
Coelorhynchus labiatus + 
Cottunculus thomsonii + 
Etmopterus princeps + 
Galeus murinus + 
Hariotta raleighana + 
Macrourus berglax + 
Melanostomiidae + 
Nematonurus armartus + 
Notacanthus chemnitzii + 
Notacanthus bonapartei + 
Raja bathyphila + 
Raja kreffti + 
Unidentified Raja spp. + 
Serrivomer beani + 
Trachyrhynchus murrayi + 
Eutrigla gurnardus + + + 
Lophius piscatorius + + + 
Pollachius virens + + + 
Brosme brosme + + 
Gadiculus argenteus + + 
Clupea harengus + + 
Gadus morhua + + 
Melanogrammus aeglefinus + + 
Microstomus kilt + + 
Molva molva + + 
Raja clavata + + 
Raja fullonica + + 
Raja naevus + + 
Scomber scombrus + + 
Trachurus trachurus + + 
Trisopterus esmarki + + 
Callionymus lyra + 
Cyclopterus lumpus + 
Hexanchus griseus + 
Loligo spp + 
Raja batis + 
Raja montagui + 
Raja nidarosiensis + 
Raia radiata + 





TABLE 3 

Resulls of I-test on discard rales of species accounting for <1 % of total discard 

Species 
Mean discarding rate (kg/hour) 

Scottish vessels French vessels 
I p 

A/epocepha/us bairdii 0.21 49.34 2.93 <.05 

Argentina silus 42.71 7.46 3.62 <.02 

Lepidion eques 23.07 7.73 0.99 <.4 

Coryphaenoides rupestris 2.76 15.55 1.54 <.4 

Chimaera monstrosa 4.44 6.79 0.83 <.5 

Trachurus trachurus 6.1 4.67 0.22 <.9 

Pol/achius virens 4.39 0.9 1.57 <.3 

Micromesistius potassou 6.53 0.17 1.7 <.2 

Phycis b/ennoides 6.13 0.25 3.06 <.05 

Trachyrhynchus murrayi 0 4.72 1.14 <.4 

Scomber scombrus 6.04 0.9 1.05 <.4 

Raja fyl/ae 1.82 2.4 0.24 <.9 

Helico/enus dacty/opterus 2.91 0.5 4.64 <.01 

Deania ca/ceus 2.03 2.12 0.1 <.9 

Mo/va dvpterv.qia 3.26 0.08 1.43 <.4 





Fig 1. Discards by weight. 

All depths 

Scottish vessels 

others (9.50%) 

Malva dypterygia (2.36%) 
Deania calceus (0.88%) 

Helicolenus dactylopterus (2.57%) 
Raja fylla. (0.83%) 

A1epocephalus bairdii (0.09%) 

Scomberscornbrus (3.89%) 

Trachymynchus murrayi (0.00%) Argentina silus (40.44%) 

Phycis blennoides (4.88%) 

Micromesistius potassou (5.30%) 

Pollachius vireos (5.71 %) 

Trachurus trachurus (4.76%) 

Chimaera monstrosa (2.96%) 
Coryphaenoides rupestris (1.60%) Lepidion aques (14.22%) 

French vessels 
others (9.51%) 

Malva dypterygia (0.08%) 
Deania calceus (1.75%) 

Helicolenus dactylopterus (0.38%) 
Raja fyllae {1.96%} 

Scomber scombrus (0.62%) 
Trachyrhynchus murrayi (3.95%) 

Phycls blennoides (0.19%) 
Micromesistius potassou (0.15%) 

Pollachius virens (0.67%) 

Trachurus lrachurus (3.24%) 

Chimaera monstrosa (5.80%) 

Coryphaenoides rupesbis (13.18%) 

Lepidion aquas (6.29%) 
Argentina silus fJ .38%) 

Alepocephalus bairdii (44.85%) 





Fig, 2. Discards by numbers. 

All depths. 

Scottish vessels 

Others (9.47%) 
Pollachius virens (1.68%) 

Lepidorhombuswhiffiagonis (1.72%) 
Raja fyllae (0.45%) 

Eutrigla gumardus (0.98%) 
Scomber scombrus (2.S7%) 

Chimaera monstrosa (1.05%) 

Phycis blennoides (3.74%) 

Trachurus trachurus (3.61%) 

Helicolenus dactylopterus (5.38%) 

Trachyrhynchus murrayi (0.00%) 
Coryphaenoides rupestris (0.88%) 

A1epocephalus bairdii (O.19%) 

Micromesistius potassou (18.85%) 

French vessels 

Others (9.68%) 
Pollachiu$ virens (0.35%) 

Lepidorhombus whifliagonis (0.30%) 
Raja fyllae (226°",) 

Eutrigla gurnardus (2.86%) 
Scomber scombrus (0.96%) 

Chimaera monstrosa (3.63%) 

Phycis blennoides (0.26%) 

Lepldion equas (22.87%) 

Argentina sUus (26.56%) 

lepidion aques (16.96%) 

Argentina silus (6.38%) 

Trachurus trachurus (4.24%) 

Helicolenus dactylopterus (1.63%) 
~===~~~2j~~::::::~====::::::::l-Micromesistius pota.ssou (0.67%) 

Trachyrhynchus murrayi (13.64%) Alepocephalus bairdii (18.70%) 

Coryphaenoides rupestris (1.7.46%) 





fig 3. Discards by weight. 

Hauls at depths greater than 500m 

Scottish vessels 
others (4.65%) 

Centroscymnus crepldater (1.70%) 
Helicolenus dactyJopterus (2.64%) 

Molva dypterygia (320%) 
Deanla calceus (1.20%) 

Raja fyllae (1.13%) 
Trachyrhynchus murrayi (0.00%) 

Phycis blennoides (6.57%) 

Chimaera monstrosa (4.00%) 

COIyphaenoides rupestris,(2.18%) 

Lepidion eques (19.30%) 

AlepocephaJus balrdii (O.12%) 

French vessels 
others (7.02%) 

Centroscymnus crepidater (0.75%) 
Helicolenus dactylopterus (0.14%) 

Molva dypterygia (0.09%) 
Deania calceus (1.89%) 

Raja tyllae (2.12%) 

Trachyrhynchus murrayi (4.26%) 

Phycis blennoides (0.21 %) 

Chimaera monstrosa (6.27%) 

Coryphaenoides rupestris (14.23%) 

Lepidion equas (6.80%) 

Argentina silus (7.79%) 

Argentina sUus (53.29%) 

A1epocephaJus bairdii (48.45°A.) 





Fig 4. Discards by numbers. 

Hauls at depths greater than 400m. 

Scottish vessels 
Others (5.53%) 

Coelorhynchus labiatus (O.OO%) 
Raja fyl1ae (o.noAi) 

Micromesistius potassou (2.94%) 

Helicolenus dactylopterus (4.97%) 

Chimaera monstrosa (1.68%) 

Phycis blennoides (6.05%) 

Trachyrhynchus murrayi (0.00%) 
Coryphaenoides rupestris (1.44%)-'1--_ 

AJepocephalus bairdii (0.31 %)-i==";:;;;;::::::::::,"';~~ 

Argentina sUus (39,05%) 

French vessels 

others (7.38%) 
Coelorhynchus labiatus (2.47%) 

Raja fyllae (2.55%) 
Micromesistius potassou (0.38%) 

Helicolenus dactylopterus (0.46%) 

Chimaera monstrosa (4.10%) 

Phycis bJennoides (029%) 

Trachyrhynchus murrayi (15.42%) 

Coryphaenoides rupestris (19.73%) 

Lepidion eques (37.32%) 

Lepidion eques (19.17%) 

Argentina sUus (6.92%) 

A1epocephalus bairdii (21.13%) 





Fig. 5. Discards by number. 

Depths between 400 and 900m. 

Scottish vessels 
others (4.41 %) 

Raja fyllae (0.73%) 
Coryphaenoides rupestris (1.46%) 

Micromesistius potassou (2.98%) 
Chimaera monstrosa (1.71 %) 

Helicolenus dactytopterus (S.04%) 

Phycis blennoldes (6.14°~) 

_Argen~ina silus (39.64%) 

French vessels 

Others (9.91%) 

Raja fyllae (4.73%) 

Coryphaenoides rupesbis (S.07%) 

Micromesistius potassou (1.10%) 

Chimaera monstrosa (5.95%) 

Helicolenus dactylopterus (1.28o,.{,)-1::::::::::;:::::::::::?"""-l 
Phycis blennoides (0.85%) 

Argentina sUus (21.00%) 

\ 

Lepidion eques (37.88%) 

Lepldion eques (50.10%) 





Fig. 6. Discards by number. 
Hauls at depths greater than 900m. 

French vessels 

others (8.14%) 

Raja fyllae (1.62%) 
Chimaera monstrosa (3.32%) 

Coelorhynchus labiatus (3.53%) 

Lepidion eques (6.00%) 

Trachyrhynchus murrayi (21.99%) 

Alepocephalus bairdii (29.43%) 

Coryphaenoides rupestris (25.97%) 





Fig.7. Discards by numbers. 

Hauls between 800 and 900m 

Scottish vessels 
Others (3.64%) 

Mora mora (1.71%) 
Ommastrephidae (0.00%) 

Phycis blennoides (1.90%) 
Centroscymnus crepidater (2.76%) 
A1epocephalus baird!i (O.97°k) 
Hydrolagus mirablis (0.03%) 
Nezumia aequalis (1.52%) 

Chimaera: monstrosa (3.33%) 

Raja fyllae (2.59%) 

Coryphaenoides rupestris (3.07%) 

Argentina silus (6.84%) 
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Phycis blennoides (O.73%) 
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Hydrolagus mirablis (3.04%) 

Nezumia aequalis (1.93%) 

Chimaera rnonstrosa (4.90%) 

Raja fyllae (5.88%) 

Coryphaenoides rupestris (5.81 %) 

Argentina silus (9.59%) 

Lepidion eques (71.63%) 
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Fig. 8. Correlations between French and Scottish discards of all species. 
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effort on observed trips. 
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Fig 10 Discarding rates of the 9 most 

abundant species. Fleet data combined. 
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