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Bibliographie Thématique 
 
 
FISHING FLEET 

 
Abrahams, M.V. ; Healey, M.C., 1993. Some consequences of variation in vessel density : a manipulative field 

experiment. Fisheries Research , 15 (4) : 315-322. 
   Recent studies have examined factors which influence the spatial distribution of trollers. Implicit in all these 

studies is the assumption that increasing vessel density must diminish catch rates of vessels. Existing data 
often make it impossible to test this assumption because it is difficult to control other variables which may 
also be influencing catch success. Here, we experimentally manipulated the density of three trollers. The 
vessels in our study predominantly caught chinook salmon (Oncorhynchus tshawytscha), but also regularly 
landed coho salmon (Oncorhynchus kisutch) and spiny dogfish (Squalus acanthias). Vessel density had a 
significant influence on the catch of chinook salmon and spiny dogfish, although there was a significant 
interaction with tidal velocity. As vessel density increased, there was a decrease in the catch rates of chinook 
salmon and an increase in the catch rates of spiny dogfish. The catch rates for coho salmon were unaffected 
by our manipulations. Different responses by these species resulted in a significant change in catch 
composition with changes in vessel density. Our ability to manipulate vessel density was limited compared 
with that which is observed during the commercial fishing season. That these manipulations generate 
observable effects suggests that variation in vessel density may exert a substantial influence on catch rates 
during the commercial fishing season. 

   Fishing Fleet/ Trolling-/ Catch Rate/ Salmon/ Vessel Density. 
Anganuzzi, A.A., 1991. Relative abundance of dolphins associated with tuna in the Eastern Tropical Pacific, 

estimated from tuna vessel sightings data for 1988 and 1989. Rep. Int. Whal. Commn., 41 : 497-506. 
   The relative abundance of eastern tropical Pacific stocks of three dolphin species are estimated for the years 

1988 and 1989 from tuna vessel data, using the methods described by Buckland and Anganuzzi (1988b) and 
Anganuzzi and Buckland (1989). For most stocks associated with the tuna fishery, there is no evidence of 
trends in population size in recent years, as assessed by five-year tests for trend. Use of high resolution radar 
since 1988 to detect birds associated with tuna is found to have little impact on the reliability of trend 
estimates. 

   Fishing Fleet/ Tuna Fisheries/ Dolphin/ Abundance/ Marine-Birds/ Radar-/ Associated-Species/ IE, Tropical 
Pacific. 

Campbell, H.F. ; Hand, A.J., 1999. Modeling the spatial dynamics of the U.S. purse-seine fleet operation in the 
western pacific tuna fishery. Can. J. Fish. Aquat. Sci., 56 : 1266-1277. 

   Two qualitative choice models of the location decisions of U.S. purse-seine vessels operating in a total of 
sixty-five 50 grids in the western Pacific tuna fishery are developed and compared. A nested logit model in 
which decisions are first made about where to fish in the east-west plane, followed by a choice of grid in the 
north-south plane, performs better than a nonnested model in which all grids are considered simultaneously. 
The nested model can be used for the allocation of purse-seine fishery effort in a spatially disaggregated 
bioeconomic model of the regional tuna fishery. 

   Fishing Fleet/ Fleet Dynamics/ Purse Seines/ Tuna Fisheries/ Modeling/ IW, West Pacific. 
Campbell, H.F. ; Nicholl, R.B., 1994. Can purse seiners target yellowfin tuna? Land Econom.  70 (3) : 345-353. 
   Both purse seine and longline fleets exploit yellowfin tuna in the western Pacific region. Management options 

available to achieve the optimal allocation of the yellowfin stock depend on whether purse seiners can control 
the species mix of their catch by targeting their fishing effort. A fishing strategy to target effort on juvenile 
yellowfin is discussed, and a supply model based on a revenue maximizing framework is estimated using data 
of Japanese and U.S. purse seine vessels in Papua New Guinea. The hypothesis of targeting is confirmed for 
the more modern U.S. fleet, but not for the more traditional Japanese vessels. 

   Fishing Fleet/ Purse-Seines/ Commercial-Fishing/ Fishing-Operations/ Fishery-Economics/ Stocks-/ By-
Catch/ Tuna-Fisheries/ Juveniles-/ Thunnus-Albacares/ Line-Fishing. 

 
Clark, C.W. ; Mangel, M., 1979. Aggregation and fishery dynamics : a theoretical study of schooling and the purse 

seine tuna fisheries . NOAA Fish. Bull., 77 (2) : 317-337. 
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   This paper describes mathematical models of exploited fish stocks under the assumption that a certain portion 
of the stock becomes available through a dynamic aggregation process. The surface tuna fishery is used 
throughout as an example. The effects of aggregation on yield-effort relationships, indices of abundance, and 
fishery dynamics are discussed. The predictions of the theory are notably different from those obtained from 
general-production fishery models, particularly in cases where the available substock has a finite saturation 
level. Possible effects include fishery "catastrophes" and lack of significant correlation between catch-per-
unit-effort statistics and stock abundance. Various management implications of the models are also discussed. 

   Fishing Fleet/ Management/ Research-Marine/ Modeling/ Production/ I, Pacific. 
Clark, C.W. ; Mangel, M., 1982. Search theory in ecology and resource management. In  Levin, S.,  Lecture notes in 

biomathematics. Population biology. Proceedings of the international conference, Edmonton-Canada, 
22-30 juin 1982,  vol. 52,  pp. 380-388 

   Fishing Fleet/ Ecological Theory/ Resource-Management/ Forage-Fish/ Fishing Strategies. 
Compean Jimenez, G.A. ; Dreyfus Leon, M.J., 1996. Interaction between vessels fishing for yellowfin tuna (Thunnus 

albacares) in the northeastern and southeastern Pacific. In  Shomura, R.S. ; Majkowski, J. ;  Harman, 
R.F., eds. : Status of interactions of pacific tuna fisheries in 1995. Proceedings of the second FAO expert 
consultation on interactions of pacific tuna fisheries. Shimizu-Japan, 23-31 january 1995.  Rome-Italy, 
FAO, Fish. Tech. Pap., n° 365, pp. 339-349.  

   An analysis of possible interactions between purse seiners searching for yellowfin tuna (Thunnus albacares) 
in the northeastern and southeastern Pacific is reviewed mainly with information on total catch of juveniles 
(length <80 cm) and adults (length >80 cm) in different areas of the fishery and also through statistical 
correlation. It is shown that large catches of juveniles in some areas could have a negative effect in adult 
catches in other areas, some years later. These results are preliminary and more research on this field should 
be encouraged. 

   Fishing fleet/ tuna-fisheries/ purse-seining/ interactions-/ fish-catch-statistics/ statistical-analysis/ Thunnus-
albacares/ INE,-Pacific/ ISE,-Pacific. 

Doulman, D.J., 1987. Development and expansion of the tuna purse seine fishery. In  Doulman, D.J., ed. : Tuna 
issues and perspectives in the Pacific Islands region, pp. 133-160 .  

   A review is made of the development of the tuna purse seine fishery in the Pacific Islands, examining also its 
current status. Background information is given on the development of the purse seine fishing technique in 
the US and its adoption and application in the Pacific Islands region by the Japanese. Expansion of the fishery 
and characteristics of single seines and group seines are examined. A comparison is made between the 
operations of the Japanese and US fleets and arrangements by which foreign fleets gain access to the fishery 
are outlined. Fleets based within the region and tuna transshipment are discussed and US and Japanese 
catches from 1980 to 1986 are analyzed. 

   Fishing Fleet/ Tuna-Fisheries/ Purse-Seining/ Fishery-Development/ Thunnidae-/ USA-/ Japan-/ I, Pacific. 
Fonteneau, A., 1986. Analysis of exploitation of some yellowfin tuna concentrations by purse seiners during the 

period 1980-1983 in the East Atlantic. Meet. ICCAT Standing Committee on Research and Statistics, 
Palma de Mallorca-Spain, Nov 1985. Collect. Vol. Sci. Pap. ICCAT, 25 : 81-98. 

   Original title : Analyse de l'exploitation de quelques concentrations d'albacore par les senneurs durant la 
periode 1980-1983, dans l'Atlantique est. 

   This paper analyzes the exploitation of 9 concentrations of yellowfin tuna (Thunnus albacares ) by purse 
seiners during the recent 1980 to 1983 period in the eastern Atlantic. Those 9 concentrations have been 
selected because of the high yellowfin catches taken in them. For each concentration the following parameters 
are analyzed: area fished, duration of the exploitation, fishing effort exerted (in fishing days and searching 
time), number of sets (successful and nonsuccessful), size of yellowfin taken, and the corresponding CPUE. 
All these parameters are analyzed by three-day time intervals. The exploitation mechanism of those 
concentrations is subsequently discussed. 

   Fishing Fleet/ Tuna-Fisheries/ Purse-Seining/ Catch/ Effort-/ Thunnus-Albacares/ AE,-East-Atlantic. 
Foucher, E., 1994. CPUE and local fishing effort of the tuna purse seiners of the eastern tropical Atlantic fisheries. 

In  Meet. of the ICCAT working group to evaluate atlantic yellowfin tuna, Tenerife- Canary Islands-Spain, 
3-9 Jun 1993 .  Madrid-Spain, ICCAT, Collect. Vol. Sci. Pap. ICCAT,  42(2),   pp. 249-259. 

   Original title : PUE et effort de pêche local des thoniers senneurs dans les pêcheries de l'Atlantique tropical 
est. 

   The CPUE variations of the purse seiners, in terms of local fishing effort, are analyzed, on a small space-time 
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level, for the eastern tropical Atlantic tuna fisheries. It seems that these variations, for CPUEs calculated on 
small fishing areas and by month, are not only dependent of abundance variations, but also dependent of fleet 
fishing power, on a global or a local level. CPUEs are calculated for 5 important fishing zones. Two models 
are used to describe the CPUE variations. Predicted values of CPUE follow a dome-shaped curve. Several 
hypotheses are discussed to explain this form, as the effects of cooperation (for small effort) and competition 
(for large effort) between boats appear. Lastly, an attempt is made dissociate the different phenomenon, at 
different levels, which explain the CPUE variability. 

   Fishing Fleet/ Tuna-Fisheries/ Seiners-/ Fishery-Statistics/ Fish-Catch-Statistics/ Catch/ Effort-/ ASE,-
Tropical-Atlantic. 

Gaertner, D. ; Ariz, J. ; Nordstrom-Fonteneau, V., 1997. Spatial changes in the purse-seiners activities in the Eastern 
Atlantic Ocean from 1991 to 1995. Coll. Vol. Sci. Pap. ICCAT, 48  (3) : 322-330. 

   This document analyses the spatial changes observed in the different tropical purse-seiners'fishing activities in 
the Atlantic Ocean from 1991 to 1995. Although the overall nominal fishing effort stayed stationary, the 
percentage of effort exerted in the Liberian area decreased and was relocated in the offshore Ghanean-Ivory 
Coast area. As a result, the proportion in catch of tunas bigger than 30 kg was multiplied by five in this 
former area, which represented 50 % of the total catch of this size category. The sharp decrease observed in 
the proportion of fishing effort allocated in the northern Liberian area did not produce a significant decrease 
in the percentage of catch of tunas smaller than 10 kg (25 % of this size category continued to be caught, may 
be due to the log fishing mode in this area). The estimated percentage of sets made on logs equipped with 
radio range beacons showed an increase from 12 % to 34 % in five years, whereas the percentage of sets 
made on all types of logs only increased by 5 %. This suggests that logs without transmitter were 
progressively equipped with this device throughout the years. The spatial catch distribution of the small fishes 
was significantly correlated with the spatial distribution of the fishing effort but did not show clear 
relationship with the spatial distribution of logs equipped with radio range beacons. The spatial-temporal 
stratum chosen by the european purse-seiners companies for the closure of log fishing operations corresponds 
to the major area and to the major season (from November to January) of the occurrence of log sets. This 
stratum represented approximately 36 % of the amount of log sets made by the purse-seiners in the Atlantic 
Ocean, and 25 % to 30 % of the total catch of fishes under 10 Kg. 

   Fishing Fleet/ Seiners/ Fishing Effort/ Catch Composition/ Floating Structure/ Radio Buoys/ A, Atlantic. 
 
Gaertner, D. ;  Gaertner, J.C. ;  Marcano, J. ;  Pagavino, M., 1998. Multivariate analysis of relationships between 

tuna catches and fishing strategies. Application to the venezuelan purse seiners in the caribbean sea. In  
ICCAT Tuna Symposium, Ponta Delgada-Azores, 10 au 18 juin 1996. Coll. Vol. Sci. pap., ICCAT, pp. 
628-636 

   Incorporation of the components of a fishery system into stock assessment studies, and especially harvesting 
practices and fishermen's behaviour at sea, requires the coupling of the traditional abundance data with 
several auxiliary data sets. These sets contain different types of information collected at different times and 
locations (e. g., fishing strategies, prices of the tuna species, environmental factors, etc.). To illustrate the 
usefulness of some multivariate analyses techniques in handling such diverse information, multiple factorial 
analysis, between-class and within-class principal component analyses, and principal component analysis 
with instrumental variables are applied to the Venezuelan purse seine tuna fishery operating in the southern 
Caribbean Sea. These examples show how multivariate analyses can be used (a) to compare the fishing 
strategies developed by two classes of vessels, relative to the detection of schools associated with floating 
objects, (b) to break out spatial and temporal components in the relationships between fish size category  
CPUEs, and finally (c) to take into account these fishing strategies when carrying out the statistical analysis 
of the CPUE data. 

   Fishing Fleet/ Stock Assessment/ Fishermen/ Fish Detection/ Catch Effort/ Floating Structure/ Multivariate 
Analysis/ Seiners/ Caribbean Sea 

Gillis, D.M. ; Peterman, R.M., 1998. Implications of interference among fishing vessels and the ideal free distribution 
to the interpretation of CPUE. Can. J. Fish. Aquat. Sci., 55 (1) : 37-46. 

   Despite recognized biases, catch per unit effort (CPUE) statistics remain widely used for the estimation of 
fish abundance. Previous workers have shown that CPUE can be a misleading index of abundance due to fish 
behaviour, the nominal effort units used, and increases through time in efficiency of fishing (catchability). 
The theoretical implications are examined of a different factor, interactions among fishing vessels, for the 
relationship between abundance and CPUE. A model simulates a fishery that occurs in several adjacent 
fishing grounds. The spatial distribution of catch and effort is based on a simplification of the Baranov catch 
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equation, the relationship between fishing efficiency and local fishing effort (interference), and the 
assumptions of the ideal free distribution. Results indicate that 1) even low levels of interference among 
fishing vessels can cause a breakdown in the correlation between CPUE and local abundance and 2) the 
influence of interference on this relationship is dependent on the correlation of abundances among adjacent 
areas. The model suggests an alternative index of abundance, based on the proportion of fishing effort on a 
ground, that would be appropriate for cases where interference occurs among fishing gear. 

   Fishing fleet/ Marine-fisheries/ Stock-assessment/ Abundance-/ Fishing-effort/ Fish-catch-statistics/ Catch-
effort/ Fishing-vessels/ Fishing-gear/ Shared-stocks/ Fishing-grounds/ Fishery-management/ Canada-/ 
Baranov-catch-equation/ mathematical-models. 

Hampton, J. ; Lawson, T. ; Williams, P. ;  Sibert, J., 1996. Interaction between small-scale fisheries in Kiribati and 
the industrial purse seine fishery in the western and central Pacific Ocean. In  Shomura, R.S. ; 
Majkowski, J. ;  Harman, R.F., eds. : Status of interactions of pacific tuna fisheries in 1995. Proceedings 
of the second FAO expert consultation on interactions of pacific tuna fisheries, Shimizu-Japan, 23-31 
january 1995.  Rome-Italy, FAO, Fish. Tech. Pap.  n° 365, pp. 183-223.  

   The Gilbert Islands of the Republic of Kiribati straddle the equator at 173 degree -177 degree E, and are 
located towards the eastern extreme of the tropical tuna fishery in the western and Central Pacific Ocean. 
Industrial purse seine vessels are licensed to fish in this area, and catches have increased substantially over 
the past three years. Domestic pole-and-line vessels and artisanal fishermen also target tuna in the vicinity of 
the Gilbert Islands. The recent increase in purse seine catches and reported declines in pole-and-line and 
artisanal catches have led to concerns that purse seining is reducing the supply of tuna available for capture 
by local fishermen. Correlation analyses of yellowfin (Thunnus albacares) catch rates by artisanal troll 
fishermen, as determined from landing surveys, and industrial purse seine catches at various distances from 
and times prior to the surveys suggest that the correlations are generally weak. Over large areas, e.g., within 
radii of 300-600 km of the islands, artisanal catch rates and purse seine catches are generally positively 
correlated, suggesting that, on this scale, variations in the abundance or catchability of yellowfin affect both 
purse seiners and artisanal catches in the same way. However, some negative correlations were found for 
smaller area (<60 km) and time scales, indicating that localised effects may occur. Such negative correlations 
were detected during 1991-93 but not during 1985-90. The possible influence of El Nino conditions on these 
observations is discussed. Analyses of tagging data were carried out to estimate the average impact of purse 
seine fishing on Kiribati pole-and-line and artisanal catch rates. A spatially aggregated model for the Gilbert 
Islands area indicated only a modest overall impact of local purse seine catches on pole-and-line and artisanal 
catch rates. A regional model with 1 degree -square spatial structure indicated a slightly higher overall impact 
of the regional purse seine fishery on skipjack (Katsuwonus pelamis) catches by the Kiribati pole-and-line 
fishery. The results of the correlation and tagging data analyses suggest that adverse impacts of purse seine 
fishing on artisanal and pole-and-line catches in the Gilbert Islands are more likely to occur at a small scale (1 
degree -square or less) due to local concentrations of purse seine effort, rather than at a regional scale or on a 
scale of tens of degrees. 

   Fishing Fleet/ Tuna-Fisheries/ Fishing-Gear/ Interactions-/ Purse-Seining/ Artisanal-Fishing/ Thunnus-
Albacares/ Euthynnus-Pelamis/ Pacific,-Gilbert-Is./ I,-Pacific/ ISEW,-Pacific. 

Hannesson, R., 1986. The regulation of fleet capacity in Norwegian purse seining. In  Mollett, N., ed.  : Fishery access 
control programs worldwide.  Alaska Sea Grant. Rep., 86 (4),   pp. 65-82. 

   Workshop on Management Options for the North Pacific Longline Fisheries, Orcas Island, WA (USA), 21-25 
Apr 1986.Vessels of the Norwegian purse seine fleet vary quite considerably in size, from 90 feet or less to 
200 feet or more. The economically optimal catch capacity of the purse seine fleet depends upon the 
abundance of only a few species, together with fish prices and fishing costs. Ever since the early 1970s, entry 
of new vessels to the purse seine fleet has been regulated. At the present time a government license is 
required for operating a vessel to fish for capelin (Mallotus villosus ), mackerel (Scombridae), blue whiting 
(Merlangus merlangus ), herring (Clupeidae), and sprat (Sprattus sprattus ). Vessels less than 90 feet or 1500 
hl (hectoliter) cargo capacity are exempt from this regulation, however. In this paper we shall consider the 
background for this regulation, how it has worked, and to what extent it has attained its purpose. 

   Fishing Fleet/ Fishing-Vessels/ Purse-Seining/ Licensing-/ Pelagic-Fisheries/ ANE,-Norway/ Fishery-
Regulations. 

Hilborn, R. ; Walters, C.J., 1987. A general model for simulation of stock and fleet dynamics in spatially 
heterogeneous fisheries. Can. J. Fish. Aquat. Sci., 44 (7) :  1366-1369. 

   Fishing Fleet/ Mathematical-Models/ Exploitation-/ Fishery-Resources/ Spatial-Variations/ Stocks-/ Fishery-
Management. 
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Kleiber, P. ; Edwards, E.F., 1988. A model of tuna vessel and dolphin school movement in the eastern tropical pacific 
ocean : technical description of model. US NMFS SWFC, Admin. report LJ-88-28 : 18 p. 

   Fishing Fleet/ Tuna Fisheries/ Purse-Seines/ Associated-Species/ Computer-Programs/ Environmental-
Conditions/ Dolphin/ IE, Tropical Pacific. 

McGlade, J.M. ; Allen, P.M., 1985. The fishing industry as a complex system. In Mahon, R., éd. : Toward the 
inclusion of fishery interactions in management advice, Dartmouth-Nova Scotia, 30 octobre-1er 
novembre 1984. Can. Tech. Fish. Aquat. Sci, 1347 : 209-216. 

   The fishing industry is examined in the context of a complex system incorporating human activities. In order 
to go beyond descriptive modelling a new paradigm is presented, based on the concepts of "dissipative 
structures" and the evolution of complex systems. In this view, fisheries are seen as part of a larger system in 
which 'self-organization' arises from successive in stabilities over varying time scales. In particular, the 
principle of order through fluctuations is stressed, and the effects of a fluctuation environment as the long-
term yield of a fishery examined. A simple model is presented in which stochastic fluctuation in the 
parameters of the logistic equation are shown to have a dramatic effect, for even if fishing activity occurs with 
an average intensity, which does not jeopardise the fish population according to the mean value of the rate of 
natural increase, the results demonstrate that extinction will still occur given a sufficiently large variance.  
Further, if the mean square variance is of the order of half the mean value, then again extinction is shown to 
occur even though this is supposedly the zone of maximum production. 

   Fishing Fleet/ Fisheries/ Fishery Economics/ Models 
Sampson, D.B., 1991. Fishing tactics and fish abundance, and their influence on catch rates. ICES J. Mar. Sci.  48 (3) 

: 291-301. 
   Choosing a location for fishing is the major short-run decision made by the skipper of a fishing vessel. 

Because the spatial density of fish is not uniform everywhere, where a skipper decides to fish largely 
determines the size and value of his catch. For that to be a rational decision, the skipper must consider not 
only the catches he is likely to make at different locations but also the costs incurred in fishing at those 
locations. As a consequence the catch rates and the catch per unit effort observed in a fishery depend not just 
on fish stock abundance but also on economic factors such as wage rates and fish and fuel prices. This paper 
develops some simple theoretical models for examining a fisherman's selection of fishing location. 

   Fishing Fleet/ Fishing-Grounds/ Site-Selection/ Catch/ Effort-/ Fishery-Economics/ Fishermen-/ Costs-. 
Sampson, D.B., 1992. Fishing technology and fleet dynamics : predictions from a bioeconomic model. Mar. Resour. 

Econ., 7 (1) : 37-58. 
   Bioeconomic models of fisheries usually do not provide details of fishermen's short-run behavior. This paper 

develops a model for the short-run selection of fishing location by a profit-maximizing fisherman in an open-
access fishery given that fish density increases further from port and given that fishing trips have a fixed 
duration. For any particular level of fish price and fish stock abundance, a fishing vessel's technical 
characteristics (fuel consumption, catch rate, vessel speed) and economic characteristics (wage rates, fuel 
price) determine the optimum location for fishing. A long-run model is derived; the cost flows for the fishing 
vessel and the biological dynamics are added to the system. The models are applied to the evolution of a 
hypothetical fishery in which fishermen utilize either an active fishing technology (trawlers) or a passive one 
(long-liners). 

   Fishing Fleet/ Fishing-Technology/ Fishing-Vessels/ Economic-Models/ Capture-Fishery-Economics/ 
Fishing-Location. 

 
PURSE SEINER TECHNOLOGY 

 
Ben Yami, M., 1997. Tuna fishing. A review: Part 4. Purse seining. Infofish Int.  3 : 57-58/60-62. 
   Tuna catches have increased substantially over the years largely due to purse seines. While the method had 

its set-backs, it is gradually becoming a non-contentious gear. A brief review is made of purse seine 
landings in the Pacific, Indian and Atlantic Oceans and also the Mediterranean. Prospects for expansion are 
examined, and an outline given of the technology involved in the tuna nets, vessels, hauling operation, Fads 
and log fishing. A recent development is the introduction of on-growing of purse-seine caught young bluefin 
tuna in floating cages for the sushi market. 

   Purse Seiner Technology/ Tuna-Fisheries/ Purse-Seining/ Fishery-Technology/ Catching-Methods/ 
Landing-Statistics. 
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Drouin, M., 1998. Bird-seeking radar aids tuna seiners. Pacific Fish.  19 (8) : 36-37. 
   Since the California tuna purse seine fishery started in about 1914, fishermen have been looking for birds to 

locate fish. "It's a big ocean out there--you might see nothing all day, but if you see birds it gives you 
something to look for. At least you're heading for something that might be to your benefit," recalls retired 
tuna veteran Harold Medina. He says tuna boats relied on eagle-eyed crewmembers on high-powered 
binoculars to spot birds that would lead them to fish. "We used to use the big fixed glasses to look for the 
man-o-wars" (frigate birds), he says. "A good man could see the birds four or five miles away, but he had to 
be good." While the large frigate bird is often the aerial indicator, closer to the surface, blue-footed boobies, 
jaegers, terns, and shearwaters also indicate the presence of bait fish and, potentially, tuna. 

   Purse Seiner Technology/ Seiners-/ Radar-/ Ecological-associations/ Marine-birds/ Bait-fish/ Forage-fish/ 
Commercial-fishing/ Tuna-fisheries/ Ecological-distribution/ Pelagic-fisheries/ Euthynnus-/ Thunnus-/ 
INE,-USA,-California/ Lesser-tunas/ Little-tunas/ Albacores-/ Tunas-. 

Flores, J.O. ; Machii, T., 1997. A comparative study on the principal dimensions of the tuna purse seiners in the 
Pacific off Mexico and the USA. J. Natl. Fish. Univ. Japan, 46 (2) : 57-63. 

   The dimensional parameters of the tuna purse seiners in the Pacific off Mexico and the USA were 
investigated. The principal dimension used in the present study were length overall(Loa), breadth(B), 
depth(D), gross tonnage(GT) and horsepower(HP). The coefficients and average values of the principal 
dimensions of the Mexican and USA vessels were calculated and compared. The results showed that the 
Loa, B, D, GT and HP averages of the Mexican purse seiners were 22.5, 8.1, 2.1, 19.6 and 18.5% greater, 
respectively, as compared with those of the USA seiners. The volume (Loa x B x D) of the USA seiners was 
equal to that of the Mexican fleets, while the HP of the USA vessels was 7.6% less. The USA seiners have a 
more slender and hydrodynamic form. 

   Purse Seiner Technology/ Fishing-Vessels/ Tuna-Fisheries/ Seiners-/ Comparative-Studies/ Size-/ Shape-/ 
USA-And-Mexican-Seiners. 

Goda, M. ; Yoshimura, H., 1998. A case study of measurement of a turning circle of a purse seine training ship. Fish 
Eng Japan,  34  (3) : 247-256. 

   We have to estimate an action of a school of fish and must surround a school of fish in a short time with 
American-type bonito-tuna purse sine operation. The net length of a purse seine of the Kakuyo-maru which 
belongs to the Faculty of Fisheries at Nagasaki University is decided. It is necessary to grasp it for size of 
the turning circle that corresponds to a speed and a rudder angle, and for necessary time. By means of GPS, 
we measured a turning circle of the fishery training ship Kakuyo-maru that has American-type bonito-tuna 
purse seine operation equipment and can operate with a mono-ship. In result, we were able to measure the 
size of each turning circle around a right and a left turning at three kinds of speed and rudder angle. The 
necessary turning times of the Kakuyo-maru differs by speed and rudder angle. However, if rudder angle is 
more than 15 degrees, the size of turning circle of Kakuyo-maru was able to confirm that, inside the limit of 
a size of a circle that corresponds to a length of a purse seine net. 

   Purse Seiner Technology/ Purse-Seines/ Ship-Handling/ Tuna-Fisheries/ American-Type-Purse-Seine/ 
Turning-Circle. 

 
H. Shono ; Tsutomu Nishida, 1998. On accuracy of the estimated fish school weights by sonar specialists. In  

Southern bluefin tuna recruitment monitoring and tagging program : report of the tenth workshop on 
SBT Recruitment Monitoring Surveys and Tagging Program, Hobart-Australia, 14-17 Sep 1998.  vol. 
2 n°RMWS/98/16., [n.p.].  

   In the acoustic survey of southern bluefin tuna (SBT) (Thunnus maccoyii) off the port of Esperance, 
Western Australia, sonar specialists estimated weights of fish schools detected by sonar CRT. The accuracy 
of these estimates was examined by comparison with some simple experiments conducted in the purse seine 
fishing boats operating in the Pacific Ocean. In each purse seine boat, the first estimate was made when the 
target school was sighted in the CRT of the sonar, then the boat moved to the target school and put the purse 
seine net over that school and the sonar specialist made a second estimate. In 75% of cases, the whole 
school could be caught in the net, so the first and second estimates and the real catch can be compared. 
These comparisons, based on a small number of samples, indicated that estimates of fish school weights by 
sonar specialists is comparatively good for larger schools, but less so for smaller schools. 

   Purse Seiner Technology/ Tuna-Fisheries/ Echo-Surveys/ Schooling-Behavior/ Biomass-/ Sonar-Detection/ 
Surrounding-Nets/ Thunnus-Maccoyii/ ISW,-Australia,-Western-Australia,-Esperance/ I,-Pacific/ 
Approximation-. 
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Herve, A. ; Bard, F.X. ; Gonzales Costas, F., 1991. Potential factors increasing the fishing effort of French and 
Spanish tropical purse seiners in 1985-89. Meet. of the ICCAT Standing Committee on Research and 
Statistics, Madrid-Spain, Nov 1990. Collect. Vol. Sci. Pap. ICCAT, 35 (1) :  8-13. 

   Original title : Facteurs d'accroissement potentiels de la puissance de pêche des senneurs tropicaux francais 
et espagnols entre 1985 et 1989. 

   A survey of technical improvements that could explain the suspected increase in fishing power was carried 
out among French and Spanish purse seiners in Abidjan. Several potential factors were identified. The 
recent use of special radar aiming at the detection of birds associated with tuna schools seems to be the 
main factor of the increase in fishing power. These devices were introduced during 1987-1989. 

   Purse Seiner Technology/ Fishing-Effort/ Fishing-Operations/ Fish-Detection/ Purse-Seining/ ASE,-Ivory-
Coast/ Tuna-Fisheries. 

Hilborn, R. ; Medley, P., 1989. Tuna purse-seine fishing with fish-aggregating devices (FAD) : models of tuna FAD 
interactions. Can. J. Fish. Aquat. Sci., 46 (1) : 28-32. 

   A model is proposed for the analysis of fishing tuna from fish-aggregating devices (FAD), and parameters 
for the model are estimated. Methods are described for determining the optimum number of FAD's to be 
deployed and the optimum number of vessels in a fishery. Field measurement of recruitment and loss of fish 
associated with FAD's is needed for adequate biological or economic analysis of FAD fishing. Results show 
that if recruitment to FAD's is proportional to the biomass not associated with FAD's, then increasing the 
number of FAD's beyond some limit will actually decrease total catch. 

   Purse Seiner Technology/ Mathematical-Models/ Attracting-Techniques/ Commercial-Fishing/ Fishing-
Vessels/ Tuna-Fisheries/ Purse-Seining. 

 
Itano, D.G., 1998. Notes on the improvement of fishing power and efficiency in the western tropical pacific tuna purse 

seine fishery. Doc. C.P.S.  8 p. 
   Purse Seiner Technology/ Fishing Power/ Efficiency-/ Tuna Fisheries/ Fishing-Gear/ Fish-Aggregation-

Devices/ Fishing Effort/ IW, Tropical Ocean. 
Itano, D.G., 1990. Technical aspects of tuna purse seine operations in the western pacific. In  Treaty of fisheries with 

the USA-observer manual appendix III.  Forum fisheries Agency,   pp. 81-100. 
   Purse Seiner Technology/ Tuna Fisheries/ IW, West Pacific. 
Itano, D.G., 1991. Tuna tagging and observations on a Japanese group purse seine vessel (9-28 April 1990) . South 

Pacific Commission Tuna and Billfish Assessment Programme.  Technical Report 23 : 1-7/1-31. 
   An experimental tagging cruise was conducted on Japanese vessels of the Kotobuki purse seine group. 

Observations and tagging operations took place from 9 to 28 April 1990 in the waters of the Federated 
States of Micronesia and in international waters. Tuna were tagged from seven of the eight successful sets 
made during the cruise and a total of 118 skipjack (Katsuwonus pelamis), 144 yellowfin (Thunnus 
albacares) and 30 bigeye tuna (Thunnus obesus) released. The majority of releases were immature fish 
between 45 and 55cm in fork length and a practical means of tagging the larger yellowfin was not 
successfully developed. The nature of the group purse seine operation allows fish to be released in very 
good condition for longer periods than is possible on conventional single purse seine or ring net vessels. 
Return rates for all releases total 21.6 per cent of which most were recaptured soon after release. A summary 
of data is presented here with detailed information and observations on Japanese group seine operations. 
Recommendations for improvements to the tagging procedures used during the cruise and suggestions for 
further improvement are given. 

   Purse Seiner Technology/ Tagging/ Micronesia/ Tuna/ Skipjack Tuna/ Yellowfin Tuna/ Fishing Vessels/ 
Fishery Surveys/ Catch Effort/ +Euthynnus/ +Euthynnus Pelamis/ +Scombridae/ +Thunnus/ Katsuwonus 
Pelamis/ Thunnus Albacares/ Thunnus Obesus. 

Jesus, A.S.de., 1988. Purse seine fishery development in the Philippines. In  Report on the training study tour on 
fishing with " payaw", Manila, Philippines, 16 may-4 june 1988, pp. 47-53. 

   An account is given of the development of purse seines in the Philippines describing mechanization of the 
gear, modification of the purse seine nets, daytime tuna purse seining and purse seining with the "payaw". 
Purse seine net design, construction and operation in the Philippine are discussed briefly. 

   Purse Seiner Technology/ Fishing-Gear/ Gear-Construction/ Fishing-Operations/ ISEW,-Philippines/ 
Purse-Seines. 

Kwei, E.A. ; Bannerman, P., 1993. The effect of the introduction of new devices (FAD) and bird radars in the 
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baitboat fishery of tuna in Ghana. Collect. Vol. Sci. Pap. ICCAT, 40 (2) : 473-479. 
   A two-year study was carried out to assess the impact on newly-introduced fishing devices aimed at 

enhancing the performance/efficiency of tuna vessels (baitboats) in terms of their catches. Data on records 
of fishing activities of three selected vessels employing none, one, or both devices were compared. 
Biological sampling relating to length measurements was also carried out. Observations reveal that with the 
use of the new devices in the fishery, notably bird radar and rafts simultaneously, significant yields are 
recorded. Modal classes of species caught tend to remain constant. 

   Purse Seiner Technology/ Tuna-Fisheries/ Bait-Fishing/ Attracting-Techniques/ Fish-Catch-Statistics/ 
ASE,-Ghana/ Ghana-. 

Liu, D.C. ; Sato, O. ; Nashimoto, K. ; Yamamoto, K., 1984. Configuration of leadline of purse seine during pursing. 
Bull. Fac. Fish. Hokkaido Univ.,  35 (4) :  234-242. 

   A simple experimental method was used in an attempt to realize the configuration of the leadline during 
pursing. The model net, a 1/500 scale of a 300-ton class tuna seine, was made of silk and the experiment 
was carried out in air. Three uniform types, namely 14 g/m (A), 24.3 g/m (B) and 56.5 g/m (c), along with 
another three combined types of leadline, were used in the experiments. The moving path and open area of 
the leadline, as well as the entire volume encircled by the net, were calculated according to the configuration 
of the net. In addition, an equation was derived to predict the probability of fish escaping. The results 
obtained from the experiments are presented. 

   Purse Seiner Technology/ Purse-Seines/ Fishing-Gear/ Leads-/ Leadline-Configuration. 
Machii, T. ; Nose, Y., 1990. Mechanical properties of a hydraulic purse winch. Jap. Soc. Sci. Fish., 56 (3) : 409-412. 
   Original title: Makiami-yo yuatsu uinchi no rikigakutokusei. 
   Relationships of velocity and of effective force of a hydraulic purse winch during fishing operation were 

obtained by using only the engine revolution and the effective output pressure of an oil pump, respectively. 
Using the loaded and unloaded pressures without using special instruments, velocity and force of the purse 
winch can be calculated using equations. 

   Purse Seiner Technology/ Hydraulic-Systems/ Purse-Seines/ Mechanical-Properties/ Velocity-/ Analysis-/ 
Winches-. 

Machii, T. ; Nose, Y., 1990. Mechanical properties of a rectangular purse seine in a normal operation.  Jap. Soc. Sci. 
Fish., 56 (2) : 173-178. 

   Original title : Ippansogyo ni okeru kukei makiami gyogu no rikigaku tokusei. 
   The mechanical properties of a rectangular purse seine with factors of forces (tension and drag), velocity 

and distance in a normal operation were studied. Normal operation means pulling both ends of the purse line 
by a winch during the pursing stage and the hauling stage. The mechanical properties at the equilibrium 
condition of the force are expressed in the pursing stage and in the hauling stage. 

   Purse Seiner Technology/ Mechanical-Properties/ Forces-Mechanics/ Purse-Seines/ Gear-Research. 
McElroy, J.K. ; Wijopriono, 1994. Java Sea purse seiners : the impact of innovation on performance. In Antona, M. 

; Catanzano, J. ;  Sutinen, J.G., eds : Proceedings of the sixth conference of the International Institute 
of Fisheries Economics and Trade. 6. Conference Internationale de l'IIFET, Paris-France, 6-9 Jul 
1992.  Issy-les-Moulineaux-France, IFREMER, pp. 617-633. 

   Given the significance of the purse seine fleet to fish supplies in Java, an island in Indonesia with a 
population approaching 100 million, the paper analyses the relative importance of several interactive factors 
on Javanese purse seine vessel catch and economic performance, including the effects of vessel size, age, 
speed, net size, use of fish aggregating devices (Fads) and fishing lights, lunar period, season, 
oceanographic and weather characteristics, distance to and location of the fishing ground, the impact of 
navigation, fish location and communication aids, 'fleet cooperation' and 'fleet congestion', time/distance to 
port auction. The importance of vessel size, on fishing pattern and preservation method(s) used is 
highlighted, as is the importance of lunar period and brightness of artificial fishing lights. 

   Purse Seiner Technology/ Economic-Analysis/ Seiners-/ Purse-Seines/ Fishing-Vessels/ Catchability-/ 
Catching-Methods/ Moon-Phases/ Light-/ Attracting-Techniques. 

Misund, O.A., 1990. Sonar observations of schooling herring : school dimensions, swimming behaviour, and 
avoidance of vessel and purse seine. In  Karp, W.A., ed. : Developments in fisheries acoustics : Int. 
Symp. on Fisheries Acoustics, Seattle-Wa-USA, 22-26 june 1987.  Rapp. P. V. Reun. CIEM., Vol. 189,  
pp. 135-146. 

   Horizontal dimensions and swimming and avoidance behaviour of herring schools were quantified by means 
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of a multi-beam, true-motion sonar. The schools were usually elliptical with an average length to width ratio 
of about 1.5:1. A relationship between the school biomass and the average school area was established. 
Individual schools maintained a fairly consistent swimming pattern, but there were great variations between 
schools. In about 70% of the cases the schools avoided the vessel horizontally, and vertical avoidance was 
observed when the vessel passed over the schools. Avoidance behaviour was most apparent with spawning, 
migrating schools, and was consistent with the generalized emission pattern of vessel-generated sound. The 
herring were usually easy to capture in winter darkness, but they escaped capture in 36% of the sets in 
summer daylight. Limitations of multi-beam sonar for the study of fish schools are discussed. 

   Purse Seiner Technology/ Schooling-Behavior/ Swimming-/ Avoidance-Reactions/ Research-Vessels/ Sonar-
/ Biological-Sampling/ Fishery-Technology/ Clupea-/ Echo-Surveys. 

Misund, O.A., 1988. Sonar observations of schooling mackerel during purse seining. In  Copenhagen Denmark ICES. 
Counc. Meet. of the Int. Counc. for the Exploration of the Sea, Bergen-Norway, 6 Oct 1988.  ICES 
Counc. Meet. Pap., ICES CM 1988/B:27, 10 p. 

   The swimming behaviour and horizontal dimensions of mackerel schools have been quantified by use of a 
multibeam, true motion sonar during purse seining in the Northern North Sea, August 1986. The horizontal 
dimensions of the schools were quite variable, but on average the schools were elliptically shaped, about 1.8 
times longer than wide. The average school area was proportional to the biomass of the schools. The 
horizontal swimming speed was on average about 3.5 body lengths/s, but there were great variations in 
swimming behaviour among the schools. Tds schools performed strong avoidance of the vessel, and schools 
escaped capture in about 37% of the purse-seine sets. 

   Purse Seiner Technology/ Avoidance-Reactions/ Sonar-Detection/ Purse-Seining/ Scomber-Scombrus/ 
ANE,-North-Sea/ Schooling-Behavior. 

Misund, O.A., 1989. Swimming behaviour of herring (Clupea harengus  L) and mackerel (Scomber scombrus  L) in 
purse seine capture situations. In  Proceedings of the 1988 world symposium on fishing gear and fishing 
vessel design.  St. John' s-Canada,  Newfoundland and Labrador Inst. of Fisheries and Marine 
Technology,   pp. 541-546.  

   The swimming behaviour of herring and mackerel schools has been quantified by means of a true motion 
sonar in purse seine capture situations. Schooling herring swam at an average speed of 2.5 to 2.8 
bodylength/s, while the mackerel schools moved about 1 bodylength/s faster. Schools of both species 
usually avoided the vessel horizontally, and a connection between the avoidance and the sound emission 
pattern of the vessel was indicated. Individual schools of both species maintained a fairly consistent 
swimming speed and pattern of movement, but there were great variations between schools. Based on these 
results, a position prediction model for schools in purse seine capture situations is developed. 

   Purse Seiner Technology/ Fishing-Gear/ Purse-Seines/ Avoidance-Reactions/ Sonar-Imagery/ Prediction-/ 
Mathematical-Models/ Clupea-Harengus/ Scomber-Scombrus/ ANE,-Norway/ Remote-Sensing. 

Misund, O.A. ; Floen, S., 1991. Abundance estimation of schools using a fisheries sonar. In  Copenhagen Denmark 
ICES. Counc. Meet. of the Int. Counc. for the Exploration of the Sea, La Rochelle-France, 26 Sep - 4 
Oct 1991 .  ICES Counc. Meet.  Pap., ICES CM 1991/B:35, 15 p. 

   An attempt of abundance estimation of fish schooling close to surface using sonar was conducted in Eastern 
North Sea - Skagerrak in September 1990. The method is based on measurements of the school area by the 
Furuno CSH-70 sonar and purse seine capture of schools to eatablish a school-area to school-biomass 
relationship. In the actual region, the biomass of herring and mackerel was estimated to about 90,000 ton 
and 430,000 ton, respectively. 

   Purse Seiner Technology/ Sonar-Detection/ Clupea-Harengus/ Scomber-Scombrus/ Fishery-Technology/ 
Purse-Seining/ ANE,-North-Sea/ Abundance-/ Fish-. 

Sakai, H. ; Inada, H. ; Shimokawa, S.Y., 1994. Measurement of purse line tension on hydraulic oil winch. Jap. Soc. 
Sci. Fish., 60 (3) : 353-357. 

   Original title : Kan-maki yo yuatsu winchi ni okeru kan-zuna no choryoku keisoku. 
   A measuring system with a built-in arithmetic unit was devised to measure the purse line tension during 

operation. The diameter of the winch drum, and the inlet and outlet pressures of the hydraulic oil motor 
were measured. The tension measured by this system and the tension measured by a three-rollers type 
tension meter were compared, and the accuracy of the system was evaluated. The results show that the 
system measures the purse line tension to within 5% error. This accuracy is useful to reduce the error in the 
calculated tension caused by increasing diameter and backpressure of the motor on the purse winch. The 
system could be widely used to study and measure the mechanical properties of purse seine. 
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   Purse Seiner Technology/ Purse-Seines/ Lines-/ Hydraulic-Systems/ Winches-/ Physical-Properties/ 
Tension-/ Measurement-. 

Stequert, B. ; Marsac, F., 1991. Purse seine fishing: Evolution of equipment and summary of a decade of seine 
fishing. In  Didact.  Paris-France, ORSTOM ,  39 p. 

   Original title : Pêche a la senne: Evolution de la technique et bilan de dix années d'exploitation dans l'océan 
Indien. 

   This handbook is a update of the first publication. The technique of purse seine fishing in the Indian ocean is 
detailed and the authors emphasize on the evolution of this technique: equipment and tuna fisheries 
programme. 

   Purse Seiner Technology/ Tuna-Fisheries/ Fishing-Operations/ Purse-Seines/ Seiners-/ Fishery-
Development/ ISW,-Indian-Ocean. 

 

FISHER'S BEHAVIOR 
 
Abrahams, M.V. ; Healey, M.C., 1990. Variation in the competitive abilities of fishermen and its influence on the 

spatial distribution of the British Columbia salmon troll fleet. Can. J. Fish. Aquat. Sci., 47 (6) : 1116-
1121. 

   We estimated the catch rates of individual fishing vessels within the British Columbia salmon (Oncorhynchus  
sp.) troll fleet from the data of a 7-yr log book program. Catch rates varied considerably among vessels. A 
portion of the variation could be attributed to environmental variation. The top ranked vessels had a catch rate 
3.6 times that of the lowest ranked vessels. Top ranked vessels distributed their fishing effort among more 
fishing areas than bottom ranked vessels, but were also more successful at catching fish when fishing in the 
same areas as bottom ranked vessels. This information, through an application of the ideal free distribution 
theory, can be used to develop a model that will describe the expected relationship between vessel 
distribution, vessel catch rate, and fish distribution, potentially allowing vessel distributions to be used as a 
tool for assessing fish stocks. 

   Fisher's Behavior/ Oncorhynchus-/ Catch -/ Effort-/ Fishing-Vessels/ Fishermen-/ Comparative-Studies/ 
Fishery-Management/ INE,-Canada/ Trolling. 

Dagorn, L. ; Petit, M. ; Hallier, J.P. ; Cayre, P. ;  Simier, M., 1994. Does tuna school size depend on fish size? In  
Proceedings of the 5th expert consultation on indian ocean tunas, Mahe-Seychelles, 4-8 october, 1993.  
Colombo-Sri Lanka, FAO UNDP  Indo Pacific Tuna Development and Management Programme, vol. 8 
pp. 183-187. 

   The aim of this study is to examine French purse seiner data in the Indian Ocean from 1984 to 1991 in order 
to study the relationship between the tuna size and the tuna school size. Purse seiners were chosen because 
catches can be considered as schools. The species studied are yellowfin tuna (Thunnus albacares), albacore 
tuna (Thunnus alalunga), bigeye tuna (Thunnus obesus) and skipjack tuna (Katsuwonus pelamis). Only free 
schools are studied. School sizes are evaluated in number of individuals which compose the school. 
Nonparametric statistics are computed to test if, for each fish weight class, the number of individuals in the 
schools varies. The results show that there are significant differences between classes, so it can be considered 
that tuna school size depends on fish size. While the fish size is increasing, the school size is decreasing. 
Some assumptions are advanced to explain this tendency. It appears that for yellowfin tuna, the evolution of 
the school size could be linked to access to new types of preys. 

   Fisher's Behavior/ Tuna-Fisheries/ Purse-Seining/ Schooling-Behavior/ Size-Distribution/ Thunnus-Alalunga/ 
Thunnus-Albacares/ Thunnus-Obesus/ Katsuwonus-Pelamis/ ISW,-Indian-Ocean/ Euthynnus-Pelamis. 

Gaertner, D.  1999. Le point de vue des pêcheurs thoniers à la senne sur l'augmentation des prises de patudo dans 
l'Atlantique Est et sur les conditions d'utilisation du sonar. Madrid-Spain, ICCAT, SCRS/99/80 : 17 p.  

   In this study, data from a survey on French and Spanish tuna purse seiners were analysed to determine how 
the skippers perceive the increase of bigeye catches in the Atlantic Ocean, as well as how they use the sonar 
during the fishing operations. Although each nationality uses his own perception scale to answer, 94 % of the 
interviewed fishermen think that the increase in bigeye catch is due to the use of floating objects, which 
occurred between 1990 and 1993 (78 % of the answers). The majority of the skippers believes that these 
modifications are the consequence of an increase of the number of log sets made during the first hours of the 
day (74 % of the answers). It appears that the sonar is very important to decide whether or not the net will be 
launched (79%) and then during the encircling operation (93%). Considering the different point of views 
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existing between both fleets, this study shows that the Spanish fishermen think that the sonar can be useful to 
catch the deeper schools (but without specifying any tuna species), whereas the French skippers believe that 
this effect is due to an increase of the depth net (that might explain the increase in bigeye catches).  

   Fisher's Behavior/ Tuna Fisheries/ Thunnus-Obesus/ Catch-Statistics/ Purse-Seining/ Sonar-Detection/ 
Fishery-Surveys/ AE, East Atlantic. 

Gaertner, D. ; Pagavino, M. ; Marcano, J., 1999. Influence of fishers' behaviour on the catchability of surface tuna 
schools in the venezuelan purse-seiner fishery in the Caribbean Sea. Can. J.  Fish. Aquat. Sci., 56 3 : 
394-406. 

   The influence of Venezuelan skippers' behaviour on the catchability of surface tuna schools was modelled 
using logistic regressions. Data obtained from observers onboard purse seiners indicated that fishers' fine-
scale decisions, such as chasing and setting a school, were influenced by (i) the skipper's skill, (ii) the fishing 
equipment used (e.g., whether a bird radar was used or not), (iii) the features of the tuna school, and (iv) some 
environmental factors. The connections among the decisions related to the fishing process and these variables 
were synthesized in a causal network approach. Results clearly showed that schools (i) composed by fishes 
under 2 kg and (ii) where biomass was lower than 5 metric tons were disregarded by fishers. Because fishers 
used these thresholds to decide when to set the net, modifications in their behaviour over the years may 
introduce serious biases in the analysis of any catch rate and abundance relationship. An average daily 
activity record of a purse seiner shows the proportion of time spent in searching and in setting activities and 
highlights the impact that the use of new fishing equipment may have on fishing power. 

   Fisher's Behavior/ Catch Rate/ Purse-Seining/ Caribbean Sea/ Fishing Gear/ Fishing Power. 
 
Gaertner, D. ; Pagavino, M. ; Marcano, J., 1996. Use of generalized linear models to investigate the fishing strategies 

of tuna purse seiners, in presence of floating objects in the Western Atlantic Ocean. Aquatic Living 
Resources, 9 (4) : 305-323. 

   The fishing strategies used by Venezuelan purse-seine fishermen in the Caribbean Sea are based on sighting 
indices, which mark the presence of tuna schools at the surface of the ocean. Once detection has been made, 
the purse seiner can seek the help of a baitboat to increase the percentage of successful sets. In order to 
consider the variability of factors, such as season, floating objects associated with schools, help of a baitboat, 
tuna species and mean weight of fish in the school, the probabilities of some events have been estimated by 
legit modeling, drawn from log-linear models. The probabilities of capturing a school of large tunas are high 
when yellowfin tuna is the main species in the school and when the set is made on non-associated school or 
on whale-sharks; this effect is greater during the dry season. In contrast, if skipjack tuna is the dominant 
species in the school, the probability of catching large tunas is low, especially for schools associated with 
whales. The results of these models have been included in a tree decision analysis. If we use the criterion of 
the mathematical expectation of outcomes, the tactic which consists of using a baitboat does not lead to the 
best choice. However, the effect of this tactic is significant, since the rate of positive sets increases from 58%, 
without the baitboat, to 85% with the baitboat. The efficiency of this help is linked with the nature of the 
sighting index. This efficiency is greater for sets associated with whales and especially with non-associated 
schools than for sets associated with whale-sharks. A Monte Carlo simulation shows that some important 
outcomes can be expected, without the baitboat, for sets associated with whales. Hence, the captains of the 
small and median purse seiners, who use baitboats more frequently than the captains of the large ones, could 
be characterized as risk-averse, without neglecting some limiting characteristics of their boats such as the 
speed. Compared to other tuna fishing grounds, the Caribbean Sea is characterized by a high proportion of 
sets made in presence of whale sharks (37% of the sets) and whales (24%). In contrast, the frequency of log 
sets is very low. This fact could be explained by the nature of ocean currents which carry away these logs out 
off the Venezuelan purse-seiner fishing grounds.To conclude, the similarities of adaptive attitudes developed 
against risk in different fields, such as agriculture and fisheries, are briefly discussed. 

   Fisher's Behavior/ Tuna Fisheries/ Thunnus Albacares/ Katsuwonus Pelamis/ Fishing Tactics/ Sighting 
Indices/ Decision Analysis/ Generalized Logit Models/ Venezuela/ Selection/ Dolphin/ A, Atlantic. 

Gillis, D.M. ; Peterman, R.M. ; Pikitch, E.K., 1995. Implications of trip regulations for high-grading : a model of the 
behavior of fishermen. Can. J. Fish. Aquat. Sci., 52 (2) : 402-415. 

   A simulation model was developed based on observations of the actions of fishermen, to determine how 
regulations on trips by management agencies may influence discarding behavior at sea. The model employed 
the results of a separate dynamic optimization model and data from the Oregon groundfish trawl fishery to 
predict quantitative patterns of high-grading expected across a range of regulatory limits on both fishing effort 
and the quantity of landings per trip (trip quota). In all cases, the total seasonal landings were assumed to be 
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constant. High-grading was predicted to be greatest when there is a high probability of the catch exceeding 
the trip quotas, as when effort limits are high and trip quotas are low. Evaluation of regulations also 
considered indicators such as expected economic value of the trip, proportion of trip landing limit attained, 
and the number of trips made in a season. A combination of large trip landing limits and intermediate trip 
effort limits best satisfied the multiple goals typically used by management agencies. 

   Fisher's Behavior/ Fishery-Management/ Quota-Regulations/ Fishermen-/ By-Catch/ Mathematical-Models/ 
Demersal-Fisheries/ INE,-USA,-Oregon. 

Gillis, D.M. ; Peterman, R.M. ;  Pikitch, E.K., 1993. Interactive decisions: Modeling responses of fishing fleets to 
alternative management strategies. In  Kruse, G. ; Eggers, D.M. ; Marasco, R.J. ; Pautzke, C. ;  Quinn, 
T.J., eds. : Proceedings of the international symposium on management strategies for exploited fish 
populations, october 21-24, 1992, Anchorage-Alaska, pp. 811-815. 

   The incorporation of fishermen's responses into evaluation of proposed management actions is gaining 
recognition as an important step in fisheries science. One method of predicting fishermen's reactions to 
changing management regimes is to use the principles of foraging theory as a basis for computer simulations 
of the behavior of fishermen. We chose this technique to study the potential influence of varying regulations 
on the high-grading type of discarding behavior in the Oregon trawl fishery for sablefish (Anoplopoma 
fimbria). 

   Fisher's Behavior/ Fishery-Management/ Fishery-Surveys/ Fishing-Vessels/ Trawling-/ INE,-USA,-Oregon/ 
Anoplopoma-Fimbria/ Modelling-. 

Hilborn, R., 1985. Fleet dynamics and individual variation: Why some people catch more fish than others. Can. J. 
Fish. Aquat. Sci., 42 (1) : 2-13. 

   Most fisheries problems arise from a failure to understand and manage fishermen, and that the study of 
fishermen should be a major part of fisheries research. The dynamic behavior of fishing fleets can be broken 
into four components: investment, movement, catching power, and discarding. The literature in each area is 
reviewed and the needed research described. The second part of this paper examines the causes and 
consequences of individual variation in catch in a commercial purse seine fishery and a recreational hook and 
line fishery. The consequence of individual variation includes the observation that small annual bag limits in 
the sport fishery could reduce the total catch significantly while leaving most anglers unaffected and the fact 
that buy back of the most successful vessels would reduce the commercial catch by relatively little. 

   Fisher's Behavior/ Catch/ Effort-/ Commercial-Fishing/ Population-Dynamics/ Sport-Fishing/ Variance-
Analysis/ Fishing-Vessels/ Quota-Regulations/ Fishery-Management/ Fishermen-/ Marketing-/ Canada-. 

Hilborn, R. ; Ledbetter, M., 1985. Determinants of catching power in the British Columbia salmon purse seine fleet. 
Can. J. Fish. Aquat. Sci., 42 (1) : 51-56. 

   It is shown that vessel attributes such as age, length, tonnage, and horsepower will account for less than 10% 
of the differences in catch between vessels in the British Columbia salmon purse seine fleet. The vessel effect 
is defined as repeatable differences in catch between vessels. Vessels are specialized by area, with many boats 
performing well in one area and poorly in another. When fishing area is added as a treatment, area 
specialization accounts for roughly half of the vessel effect. In fisheries where local knowledge and 
experience are important, attempts to calibrate catch per unit effort data based on vessel attributes may not 
work well if skipper skills are a major determinant of catch. Additionally, skipper skill will greatly impede 
attempts to reduce catching power by elimination of vessels through buy back proposals, since vessels, and 
not skippers, will be eliminated. 

   Fisher's Behavior/ Catch/ Effort-/ Oncorhynchus-/ Fishing-Vessels/ Seiners-/ Fishermen-/ Fishery-
Management/ Geographical-Distribution/ INE,-Canada,-British-Columbia. 

Hilborn, R. ; Walters, C.J., 1992. Quantitative fisheries stock assessment. Choice, dynamics and uncertainty.  NY-USA, 
Chapman and Hall,  570 p.  

   This book is intended as a textbook and reference for courses in fisheries stock assessment and management. 
It is a beginning quantitative text, designed for "how to do" courses. The book is divided into four sections; 
(I) Introduction, (II) Behavior of Fisheries, (III) Estimation of Parameters and (IV) Managing Fisheries. Most 
books and manuals deal almost exclusively with the material in section III. Section II presents our view of 
what fisheries is really about, fish and fishermen and how they behave. Section IV also contains information 
not normally associated with stock assessment books and manuals. Chapters on harvest strategies and tactics, 
optimization methods, and adaptive management provide our perspective on quantitative methods in 
formulation and analysis of fisheries options under uncertainty. In selected areas, particularly in the 
estimation of the parameters of stock and recruitment models and biomass dynamics (surplus production) 
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models, we go into considerably more depth than any existing text. Our goals are to 1) provide material 
sufficient for students and practitioners to know the basics of the different approaches, 2) know their 
weaknesses, and 3) be able to actually use them on a computer. 

   Fisher's Behavior/ Books-/ Fisheries-/ Stock-Assessment/ Population-Dynamics/ Fishery-Management/ 
Catching-Methods/ Commercial-Fishing/ Fishing-Operations/ Fishery-Industry. 

Millischer, L. ; Gascuel, D., 1998. Individual based modeling of fishing tactics. ICES, CM 1998/J:14 : 12 p. 
   A fish aggregation pattern implies, from a fisherman point of view, an heterogeneous distribution of catch 

probabilities. We can then consider the fishing tactic developed by ships as an adaptation to this local and 
short-term uncertainty, within a given fishing strategy, defined for a longer period. 

   The present study aims to measure the impact of this abundance spatial heterogeneity on the efficiency of 
different kinds of fishing tactics. In this goal a multi-agent simulator is implemented, in which the harvesting 
activity of a fleet is simulated and coupled to the spatial dynamics of a virtual fish population, in a bi-
dimensional spatially explicit environment. Simulations, as an exploratory tool lead us to experiment different 
scenarii in which different fishing tactics are applied by the fleet to a given resource distribution. First results 
of this study deal with the informative component of fishing behaviors, and its impact on the efficiency. Two 
kinds of informative exchanges among ships are studied, which corresponds respectively to an accurate but 
hardly diffusive information, and to a widely diffusive but more inaccurate one. We examine the impact of 
both informative exchanges on the global fishing efficiency of the fleet, which is to be considered as a result 
emerging from the interactions between the individuel fishing tactics developed by ships. The way this impact 
occur depends clearly on the degree of aggregation of the catch probabilities, as the efficiency of each type of 
information appears to be related to aggregation pattern simulated.  

   Fisher's behavor/ Catchability/ Fishing Effort/ Individual Based Modeling/ Multi Agent Systems/ 
Mathematical Models. 

Opaluch, J.J. ; Bockstael, N.E., 1984. Behavioral modeling and fisheries management. Mar. Resource Economics, 1 
(1) : 105-115. 

   Because of the extreme uncertainty in fisheries biology, efforts to determine a stock-recruitment relationship 
have not been entirely successful. In the face of this uncertainty, this paper argues for a change in focus for 
fisheries economics from bioeconomic optimisation toward goals which are more modest and more easily 
achievable. In particular, a satisficing approach to management is advocated, whereby efforts are made to 
reallocate some porportion of effort from overutilized to underutilized fisheries, with no attempt to determine 
the optimum. In order to achieve such a solution efficiently, managers must accurately predict the response of 
fishermen to public policy. This paper reports on a study which develops a discrete choice model to predict 
fishermen's supply response. Fishermen are shown to respond to economic incentives of expected returns and 
variability of returns, but only after these incentives surpass a substantial threshold. 

   Fisher's Behavior/ Behavior Modeling/ Fishery-Management/ Optimization/ Fishing Effort. 
Potier, M. ; Petitgas, P. ; Petit, D., 1997. Interaction between fish and fishing vessels in the javanese purse seine 

fishery. Aquatic Living Resources, 10 (3) : 149-156. 
   The purse-seiners of the Java Sea use light and fish aggregating devices (FAD) to concentrate and catch small 

pelagic fish (Decapterus sp., Amblygaster sirm, Sardinella gibbosa). This sets a question about the interaction 
between fish and fishing vessels. Relevant estimates of fishing mortality and fishing effort require an 
understanding of this interaction. To gain information on this relationship, acoustic surveys were performed 
on the fishing grounds and the present paper analyses these data. Using acoustic surveys, the fish density was 
measured and the number of schools was counted per sea surface unit. The fishing vessels were located by 
radar. Acoustic data were stratified into two groups, one where fishing vessels were present and the other 
where they were not. This stratification was tested for by resampling the data. Day and night sampled data 
were analysed in each strata separately. Variograms were computed to characterise spatial structure both for 
the fish and the purse-seiners. Contingency tables between number of schools and fish density were computed 
to characterise the relation between biomass and schools for the day and the night when seiners are absent or 
present. At night, in the absence of purse-seiners, the number of schools increase and fish rise from the 
bottom. In areas where purse-seiners are present this natural phenomenon is stronger. It also changes the 
spatial structure both of the fish density and the school abundance. The spatial structure of the vessels is 
similar to that of the fish density. The fishermen seem to be able to detect by day fish concentrations which 
will be fished later by night. 

   Fisher's Behavior/ Fishing Operations/ Echo Surveys/ Spatial Structure/ Pelagic Fish/ Java Sea/ Indonesia/ 
Fleet Dynamics/ Catch/ Stock. 
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Russell, S.D. ; Alexander, R.T., 1998. Measuring seining strategies and fishing success in the Philippines. Human 
Organization, 57 (2) : 145-158. 

   Maritime anthropologists often have argued that different fishing strategies or skipper skills partly:account for 
variability in fishing success within a fleet, but statistical support for such strategies has been difficult to 
acquire. This article analyzes a mixed species, tropical seine fishery in south central Luzon, Philippines where 
boat size is similar and electronic fish-finding gear, mechanized hauling, and formal navigational training of 
skippers are absent. We review the qualitative and quantitative evidence for different fishing strategies in this 
fleet and then examine the degree to which these strategies account for differential fishing success. We 
suggest that one way to detect the existence of different seining strategies is to measure the locations fished, 
number of trips and type of species caught per time period. In fisheries where one is concerned to determine 
the degree to which fishing strategy accounts for variability in catch, we suggest that defining fishing success 
as mean catch per trip is more useful than conventional definitions of total catch over a season. The advantage 
of measuring fishing success as mean catch per trip rather than total catch is that it controls for effort, thereby 
allowing one to discern mote clearly the variables that explain fishing strategy. 

   Fisher's Behavior/ Maritime Anthropology/ Fishing/ Philippines/ Luzon/ Icelandic Skippers/ Shrimp 
Fishermen/ Folk Model/ Gulf/ Fleet. 

Russell, S.D. ; Alexander, R.T., 1996. Skipper effect debate : views from a Philippine fishery. J. of Anthropological 
Research, 52 (4) : 433-460. 

   The debate over the "skipper effect" encompasses two issues in the maritime anthropological literature: 
whether a skipper's skill plays a statistically significant role in explaining variation in catch size among boats 
and whether folk models of the role skippers play in fishing success explain what statistical models cannot. 
This article reviews the theoretical debates about the skipper effect and contrasts the cultural and economic 
context of North Atlantic fisheries with a purse seine fishery for mixed tropical species in the Philippines. 
Whereas most North Atlantic studies have struggled to identify variables that represent a captain's fishing 
skill, we argue that a boat's mean catch per trip and the number of crew both serve as reliable, indirect 
measures of a skipper's skill in this' region. We attribute the absence of an ideology of the skipper effect to the 
limited competition for skippers in kin-based petty commodity forms of production. 

   Fisher's Behavior/ Icelandic Skippers/ Success/ Fleet/ Gulf. 
Sampson, D.B., 1994. Fishing tactics in a two-species fisheries model : the bioeconomics of bycatch and discarding : 

123. Annu. Symp. American Fisheries Soc., Portland-Or -USA, 1 Sep 1993. Can. J. Fish. Aquat. Sci., 51 
(12) : 2688-2694. 

   The selections for fishing location largely determine the species mix and value of a fisher's catch. Because of 
travel costs, these choices also determine the profitability of a fishing trip. This paper develops a simple 
theoretical model for the selection of fishing locations by a fisher faced with two co-occurring species whose 
densities vary with distance from port. For each species there can be different catchability coefficients, 
handling times, and prices. The duration of each fishing trip is assumed fixed. The model is used to determine 
the profit-maximizing fishing tactics (the fishing locations and time spent at each location) and to explore the 
conditions that generate deliberate bycatch and discarding when one of the species cannot be sold because it 
is unmarketable or because of trip limits. 

   Fisher's Behavior/ Fishery-Management/ Fishermen-/ Fishing-Grounds/ Behavior/ Quota-Regulations/ 
Mathematical-Models/ Fishery-Economics/ By-Catch/ Marine-Fisheries. 

Wilen, J.E., 1979. Fisherman behavior and the design of efficient fisheries regulation programs. J. Fish. Res. Board 
Can. Symp. on Policies for Economic Rationalization of Commercial Fisheries, Powell River-Canada, Aug 
1978,  36 (7) :  855-858. 

   This paper examines the importance of hypotheses about fisherman behaviour for predicting, understanding, 
and designing efficient fisheries regulation programmes. Particular attention is paid to flexible technology 
fisheries where individuals are free to alter several dimensions of effort. It is suggested that the appropriate 
hypothesis of share-focused behaviour ensures that there will always be an incentive to combine inputs 
inefficiently although technical conditions may limit or block the actual ability to do so. Some observations 
on the success of existing programs are also offered. 

   Fisher's Behavior/ Fishermen-/ Fishery-Regulations/ Sociological-Aspects/ Operations-Research/ Fishing-
Operations/ Fishery-Management/ Fishery-Economics. 

 

FISH CATCH STATISTICS 
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Allen, R. ; Punsly, R., 1984. Catch rates as indices of abundance of yellowfin tuna, Thunnus albacares , in the Eastern 
Pacific Ocean.  La Jolla-Ca USA, ICCAT, Bull., 18(4), 77 p.   

   Original title : Proporciones de captura como indices de abundancia del atum aleta amarilla, Thunnus 
albacares, en el Oceano Pacifico oriental. 

   Catch and effort data from logbooks of tuna seiners were used to make estimates of catch per hour of 
searching for 1970-1980. The estimates were standardized using a regression model to make annual estimates 
of abundance adjusted for fishing mode, speed. capacity, use of aerial assistance, net dimensions, and sea-
surface temperature. Inside the CYRA the standardized estimates for tuna (T. albacares ) schools associated 
with dolphins and those for schools not associated with dolphins showed a similar overall pattern of decline. 
The 1980 catch rates were about 30% of the 1970 rates, the decline being greater for the schools not 
associated with dolphins, Dolphin-associated schools outside the CYRA declined to about 60% of the 1970 
levels. 

   Fish Catch Statistics/ Tuna-Fisheries/ Stock-Assessment/ Thunnus-Albacares/ Abundance-/ Catch/ Effort-/ 
IE,-East-Pacific. 

Anganuzzi, A.A., 1996. Some technical issues regarding the study of fisheries interactions. In  Shomura, R.S. ; 
Majkowski, J. ;  Harman, R.F., eds. : Status of interactions of pacific tuna fisheries in 1995. Proceedings 
of the second FAO expert consultation on interactions of pacific tuna fisheries. Shimizu-Japan, 23-31 
january 1995.  Rome-Italy, FAO, Fish. Tech. Pap.  n° 365,  pp. 21-37.  

   Technical approaches for studying tuna fishery interactions are discussed. The specific approach in each case 
depends on the nature of the interaction. Generally, a longer distance (in space or time) between potentially 
interacting fisheries means a more difficult identification of significant effects. A two-stage strategy is offered 
as a way of approaching the problem. In the first stage, a conceptual model of how the interaction occurs 
leads to a refinement of the hypotheses and to the identification of relevant information needed. In the second 
stage, options for management action need to be formulated according to the immediate objectives. Such 
objectives might include obtaining better information on the nature of the interaction. Methods for assessing 
interactions that use data from tagging experiments offer the best chance of providing conclusive evidence of 
an interaction, as well as quantifying its extent, in a relatively short period of time. Such an experiment can be 
successful, however, only if there is a reinforcement of the statistical systems in the fisheries involved. 

   Fish Catch Statistics/ Tuna-Fisheries/ Interactions-/ Fishery-Management/ Methodology-/ Thunnidae-/ I,-
Pacific. 

Buckland, S.T. ; Cattanach, K.L. ; Anganuzzi, A.A., 1992. Estimating trends in abundance of dolphins associated 
with tuna in the eastern Tropical Pacific Ocean, using sightings data collected on commercial tuna 
vessels. Fish. Bull.  90 (1) : 1-12. 

   The authors summarize the methods for estimating relative abundance of seven dolphin stocks in the eastern 
Tropical Pacific Ocean using sightings data collected on commercial tuna vessels by trained observers, 
developed by Buckland and Anganuzzi (1988a) and Anganuzzi and Buckland (1989). Their estimates of 
relative abundance, which may show large year-to-year fluctuations, are smoothed to provide estimates of the 
underlying trend in dolphin abundance between 1976 and 1988. The bootstrap method provides estimation of 
precision in a way that allows trend estimates to be used for management purposes, without the need to 
assume that trends in abundance are linear. Concerns about the validity of the estimates are addressed. 

   Fish Catch Statistics/ Delphinidae-/ Delphinus-/ Stenella-/ Abundance-/ Tuna-Fisheries/ Mathematical-
Models/ Nature-Conservation/ Approximation-/ ISE,-Tropical-Pacific/ Marine-Mammals/ IE, Tropical 
Pacific. 

Cabrera Muro, H.R. ; Lizarraga Saucedo, S., 1986. Methodological aspects in the operational analysis of tuna 
vessels. In  Inf. Espec. Cent. Invest. Cienc. Educ. Super. Ensenada, vol. 1, 29 p.   

   Original title: Aspectos metodologicos en el analisis operacional de embarcaciones atuneras. 
   This report describes the economics of the operation of tuna seiner boats. The different operational 

alternatives are identified and their optimization processes are suggested. The description presents an annual 
time frame of operation and one hypothetical fishing trip. Some initial considerations are given in regard to 
optimum alternatives for docking ports relative to the different fishing grounds year around. Finally, different 
alternatives of action are presented in relation to total production costs, catches, and future expectations for 
each trip on an annual basis. 

   Catch Statistics/ Tuna-Fisheries/ Fishery-Economics/ Economic-Analysis/ Fishing-Operations/ Seiners-. 
Edwards, E.F. ; Kleiber, P.M., 1989. Effects of nonrandomness on line transect estimates of dolphin school 

abundance. Fish. Bull.,  87 (4) : 859-876. 
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   Line transect analysis is a census method that has been used to derive estimates of dolphin school abundance 
from sightings data collected by observers on tuna purse seine vessels. As an alternative, we have used a 
relatively simple mathematical simulation model to investigate the severity of bias introduced into school 
abundance estimates by nonrandom movements of schools and vessels, and by the data stratification 
procedure. Simulations show that nonrandom movements on a scale of a few hundred miles, coupled with the 
data stratification procedure, can lead to overestimates of dolphin school abundance by as much as a factor of 
two. 

   Fish Catch Statistics/ Marine-Mammals/ Population-Number/ Delphinidae-/ Analytical-Errors/ Simulation-/ 
Census-/ Line-Transect-Analysis/ Effects-Of-Nonrandomness. 

Fonteneau, A., 1978. An analysis of the fishing effort of French, Ivorian and Senegalese tuna purse seiners. Cah. 
ORSTOM Oceanogr., 16 (3-4) :  285-307. 

   Original title : Analyse de l'effort de pêche des thoniers senneurs franco-ivoiro-sénégalais. 
   Fishing effort of French, Ivorian and Senegalese tuna purse seiners is analyzed in order to calculate catch per 

unit effort indices representative of stock abundance. The daily frequency of sets and the variability of set 
sizes is analyzed. Relationship between catch per set and its duration is also presented. Estimates of searching 
time are obtained from those relationships. An increasing concentration of purse seiners fishing effort upon 
concentrations of tunas is shown;the consequences of this change upon traditional catch per unit of effort 
index are discussed. A method to estimate abundance of Thunnus albacares- from catch per unit of effort is 
proposed,. It can be concluded from this analysis that the observed decrease of catch per unit of effort 
probably underestimates the real decrease of stock abundance. 

   Fish Catch Statistics/ Fishing-Effort/ Stock-Assessment/ Scombridae-/ ASE-/ Seiners-/ Pisces-/ Catch/ Effort-. 
Fonteneau, A. ; Gaertner, D. ; Nordstrom, V., 1999. An overview of problems in the catch per unit of effort and 

abundance relationship for the tropical purse seine fisheries. Coll. Vol. Sci. Pap. ICCAT, 59  (3) : 258-
278. 

   This paper develops an overview of the problems in estimating tuna abundance using purse seine fishery 
catch and effort data. This study is done on the purse seine fishery operating in the eastern intertropical 
Atlantic. Various potential biases in the cpue biomass relationship are identified and discussed. Changes in 
the size of the fishing zone are first examined. A major problem in interpreting the cpue is due to the large 
increases of fishing power observed for most purse seiners during recent years. This increase of the fishing 
power is due to various factors, among others technological ones, but this increase is difficult to evaluate 
properly. The nature of the cpue biomass relationship as a function of the level of effort exerted is discussed. 
As this relationship is not linear, it may introduce serious bias in the cpue as a function of the effort which are 
exerted. Furthermore, the massive introduction of artificial floating logs, often maintained by auxiliary 
vessels, are discussed. Potential methods to estimate the abundance using catch and effort data are discussed. 
The use of auxiliary variable in the abundance index is also discussed. 

   Fish Catch Statistics/ Catch Effort/ Abundance/ Tuna Fisheries/ Seining/ Tropical Fish/ AE, East Atlantic. 
Fonteneau, A. ; Mamolar, J.M., 1986. Fishing effort of French, Ivory Coast, Senegalese and Spanish purse seiners. In  

Symons, P.E.K. ; Miyake, P.M. ;  Sakagawa, G.T., eds. : Proceedings of the ICCAT conference on the 
international skipjack year program, Tenerife-Spain, 21 jun. 1983.  Madrid-Spain, ICCAT,   pp. 145-150.  

   original title : Puissances de pêche des thoniers senneurs francais, ivoiriens, sénégalais et espagnols. 
   The overall fishing power of FIS (French, Ivoirian and Senegalese) and Spanish purse seiners was analyzed 

by comparing these vessels' yearly average catch per day at sea over various size categories independently of 
fishing area. This analysis showed that overall fishing power as a function of vessel size differed for catches 
of yellowfin and skipjack. The analysis also showed that overall fishing power, as a function of size, differed 
for FIS and Spanish seiners. Localized fishing power, at the level of 5 degree  squares per month, was also 
analyzed, and conclusions were similar to those obtained for overall power of fishing. 

   Fish Catch Statistics/ Tuna-Fisheries/ Purse-Seining/ Fishing-Effort/ Comparative-Studies/ ASE-/ France-/ 
Ivory-Coast/ Senegal-/ Spain-. 

Gascuel, D., 1995. Fishing effort and fishing power : concepts and example of application. In  Gascuel, D. ; Durand, 
J.L. ;  Fonteneau, A., eds. : French research in quantitative assessment and modelling of resources and 
fisheries systems. 1. Forum Halieumetrique, Rennes-France, 29 Jun-1 Jul 1993.  Paris-France, 
ORSTOM, Colloq. Semin.,   pp. 159-181. 

   Original title : Efforts et puissances de pêche : redéfinition des concepts et exemple d'application. 
   The glogal concept of fishing effort and fishing power is revised and the components are systematicaly 

reviewed ie: global and local fishing power, efficiency, effective fishing mortality, catchability...The 
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application of this review is operated on the industrial tuna seiner operating on the yellowfin tuna off west 
coast of Africa (french and spanish seiners) via tuna age and fleet strata on the 1980-90 data. As the 
managment of this resource is based on the international standardized fishing effort, the trend of fishing 
power is an important point and this method will contribute to set up a best fishing effort time serie. 

   Fish Catch Statistics/ Fishing Effort/ Fishing Power/ Catchability/ Tuna Fisheries/ Pisces/ Thunnus 
Albacares. 

Gascuel, D. ; Fonteneau, A. ; Foucher, E., 1993. Analysis of fishing power evolution using Virtual Population 
Analysis : The case of purse seiners exploiting yellowfin (Thunnus albacares) in the Eastern Atlantic. 
Aquat. Living Resour., 6 (1) : 15-30. 

   Original title : Analyse de l'evolution des puissances de pêche par l'analyse des cohortes: Application aux 
senneurs exploitant l'albacore (Thunnus albacares) dans l'Atlantique Est. 

   An adjusting method for Virtual Population Analysis, which combines backward and forward calculations, is 
presented. It allows an analysis of the fishing power trends by age and by fleet based on the matrix of nominal 
catchabilities. The method is applied to the two main fleets exploiting yellowfin tuna in the Eastern Atlantic 
from 1980 to 1990: the Franco-Ivoiro-Senegalese (FIS) and the Spanish purse seiners. Using a generalized 
linear model, the overall fishing powers are decomposed in two terms: local fishing powers and overall 
fishing abilities. The trend evolution of the three variables--overall fishing powers, local fishing powers and 
overall fishing abilities--by age categories or on average, are analyzed calculating yearly rates of increase 
over periods of several years. Changes in fishing tactics are studied based on the correlations between residual 
fishing powers corresponding to various age groups. The results show low sensibility to the parameters 
introduced for VPA adjustment. Over the whole decade, an increase of overall fishing powers is shown, with 
estimated increase rates of 17% and 9% per year for the FIS and Spanish fleets respectively. This is related to 
a strong increase of overall fishing powers on adults, while those applied to juveniles seem to decrease. 
Changes in overall abilities are of major importance in the case of the FIS seiners. Three standard schemes of 
evolution, which express various fishing strategies between fleets and periods of time, are defined. The 
influence of changes in the fishing tactics is pointed out. Some reasons which could explain those variations 
of fishing powers are discussed, as well as, more generally, the potentialities and limits of the analysis 
methods used. 

   Fish Catch Statistics/ Fishing-Power/ Population-Dynamics/ Fishery-Economics/ Tuna-Fisheries/ Purse-
Seining/ Thunnus-Albacares/ AE,-East-Atlantic/ Virtual-Population-Analysis. 

Gavaris, S., 1980. Use of a multiplicative model to estimate catch rate and effort from commercial data.   Can. J. 
Fish. Aquat. Sci., 37 (12) : 2272-2275 . 

   The multiplicative model described by Robson can be used to obtain estimates of annual standardized catch 
rate and its variance by including years in the model. The corresponding estimate of standardized effort is the 
ratio of the total catch and the estimated catch rate. If the error is assumed to be lognormally distributed then 
these estimators have well defined statistical properties. 

   Fish Catch Statistics/ Catch/ Effort/ Stock Assessment/ Fishery Data/ Standardization/ Mathematical Models/ 
Catch Per Unit Effort/ Modeling. 

Gillis, D.M. ; Peterman, R.M. ; Tyler, A.V., 1993. Movement dynamics in a fishery : Application of the ideal free 
distribution to spatial allocation of effort. Can. J. Fish. Aquat. Sci., 50 (2) : 323-333. 

   We used data on the Hecate Strait, British Columbia, Canada, trawl fishery to test hypotheses about spatial 
allocation of effort and interaction among fishing vessels. The ideal free distribution of Fretwell and Lucas 
(1970, Acta Biotheor. 19: 16-36) was the foundation for deriving these tests. We found evidence for 
competition among vessels, although we could not distinguish whether the mechanism was interference or 
exploitation competition. As well, CPUE was generally equalized among the areas fished, as predicted by the 
ideal free distribution, because of movement of boats among areas. Thus, area-specific CPUE would not be a 
reliable index of relative abundance of fish in different areas; relative fishing effort may be better. 

   Fish Catch Statistics/ Fishery-Management/ Catch/ Effort-/ Spatial-Distribution/ Competition-/ Trawling-/ 
Demersal-Fisheries/ INE,-Canada,-British-Columbia,-Hecate-Strait/ Fishing-Vessels. 

Hallier, J.P., 1994. Purse seine fishery on floating objects: What kind of fishing effort? What kind of abundance 
indices? In  Proceedings of the 5th expert consultation on indian ocean tunas, Mahe-Seychelles, 4-8 
october 1993, Colombo-Sri Lanka .  Colombo-Sri Lanka,  FAO UNDP Indo Pacific Tuna Development 
and Management Programme, vol. 8 ,  pp. 192-198. 

   A discussion is presented on the use of floating logs as a means of locating and catching tunas in the Western 
Indian Ocean purse seine fisheries; an average of 50% of the catch is made on tuna schools associated with 
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floating objects (logs). The use of an abundance index to determine fishing effort for use in fishing strategy 
and fishery management is discussed, considering in particular the Somali Basin area. 

   Fish Catch Statistics/ Tuna-Fisheries/ Purse-Seining/ Attracting-Techniques/ Fishing-Effort/ ISW,-Indian-
Ocean. 

Kimura, D.K., 1988. Analyzing relative abundance indices with log-linear models. N. Am. J. Fish. Manage., 8 (2) : 
175-180. 

   Log-linear models are proposed for the problem of simultaneously analyzing relative abundance indices 
available from different survey techniques over different areas and years. The author shows why analysis on 
the untransformed (original) scale is inappropriate, and why analysis on the logarithmic scale allows for a 
generally consistent theory. Models for estimating both annual abundance indices (two-way analysis of 
variance), and trends in annual abundance (analysis of covariance) are considered. The methods are illustrated 
by analyzing data from the Japanese commercial longline fishery for sablefish Anoplopoma fimbria  in the 
Gulf of Alaska. 

   Fish Catch Statistics/ Mathematical Models/ Abundance/ Fishery Statistics/ Variance Analysis/ Longlining/ 
Anoplopoma Fimbria/ INE, Alaska Gulf. 

Kimura, D.K., 1981. Standardized measures of relative abundance based on modelling log (C.P.U.E.), and their 
application to pacific ocean perch (Sebastes Alutus ). J. Cons. Int. Explor. Mer., 39 (3) : 211-218. 

   A form of the log-linear model for modelling catch per unit effort (c.p.u.e.) is described which treats the year 
category as an ANOVA classification. This model allows the calculation of two standardized relative 
abundance indices: 1) direct interpretation of regression coefficients for the year category, and 2) the usual 
estimates of c.p.u.e. calculated using standardized effort (adjusted c.p.u.e.). The regression coefficient 
estimates have advantages in theoretical simplicity and computational convenience. The model is applied to 
two trawl-fished populations of Pacific ocean perch (Sebastes alutus ) in the northeast Pacific. 

   Fish Catch Statistics/ Abundance-/ Sampling-/ Statistical-Analysis/ Sebastes-Alutus/ INE-. 
Kleiber, P., 1987. Fishery interaction: How do we define it and how do we measure it?. In  Coll. vol. of work. doc. 

presented at the expert consultation on stock assessment of tunas in the Indian Ocean held in Colombo, Sri 
Lanka, 4-8 december 1986.  Colombo-Sri Lanka, FAO UNDP Indo Pacific Tuna Dev. and Manage. 
Programme, vol. FAO/UNDP/IPTP TWS/86/32,   pp. 173-178. 

   Factors to be taken into account in defining fishery interaction and in designing a programme to address it are 
examined. Applications to assessment of interaction among tuna fisheries in the Indian Ocean are discussed. 

   Fish Catch Statistics/ Marine-Fisheries/ Tuna-Fisheries/ Scombridae-/ Interactions-/ ISW,-Indian-Ocean. 
Kleiber, P., 1996. Types of tuna fisheries interactions. In  Shomura, R.S. ; Majkowski, J. ;  Harman, R.F., eds. : 

Status of interactions of pacific tuna fisheries in 1995. Proceedings of the second FAO expert 
consultation on interactions of pacific tuna fisheries, Shimizu-Japan, 23-31 january 1995.  Rome-Italy, 
FAO, Fish. Tech. Pap.  n° 365, pp. 17-20. 

   The principal categories of tuna fisheries interactions are economic competition, stock-mediated interaction, 
and gear competition. While all 3 types of interaction may be important, this paper focusses on classifying 
stock-mediated interactions. Within stock-mediated interactions, there can be direct competition between 
fisheries, either concurrent or consecutive, and secondary effects on recruitment or trophic relationships. In 
addition, stock-mediated interactions may depend on movement of the fish. The analysis and assessment of 
any interaction must take into account the particularities of the situation. 

   Fish Catch Statistics/ Tuna-Fisheries/ Interactions-/ Fishery-Management/ Stock-Assessment/ Thunnidae-/ I,-
Pacific. 

Kleiber, P., 1994. Types of tuna fishery interaction in the Pacific Ocean and methods of assessing interaction. In  
Shomura, R.S. ; Majkowski, J. ;  Langi, S., eds. : Interactions of pacific tuna fisheries. Vol. 1. Summary 
report on papers on interaction. Proceedings of the first FAO expert consultation on interactions of 
pacific tuna fisheries, 3-11 december 1991, Noumea-New Caledonia.  Rome-Italy , FAO,  Fish. Tech. 
Pap., n° 336/1,  pp. 61-73.  

   Fishery interaction can be classified by the causal mechanisms by which one fishery can affect another. This 
paper focuses on mechanisms of direct competition for the same fish stock. This type of interaction can occur 
between two fisheries operating in overlapping or separated fishing grounds and between fisheries harvesting 
the same or different size classes or life stages of the target species. A second way to classify fishery 
interaction is by the type of index used to measure it. A simple model presented in this paper gives an 
example of how with increasing effort in one fishery, the measured impact on another can increase in severity 
according to one type of index and can decrease in severity according to another. Various strategies for 
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estimating interaction indices are reviewed, including analysis of fishery statistics, analysis of tag data, and 
use of models. Analytical models applied to data such as fishery statistics and tagging data can be used to 
estimate relevant parameters of population, harvest and movement dynamics. Simulation models can be used 
to conduct experimental manipulations aimed at testing for fishery interaction - manipulations that are not 
feasible in the real world. 

   Fish Catch Statistics/ Tuna-Fisheries/ Interactions-/ Stock-Assessment/ Mathematical-Models/ I,-Pacific. 
Kleiber, P. ; Baker, B., 1987. Assessment of interaction between North Pacific albacore, Thunnus Alalunga ,  

fisheries by use of a simulation model. Fish. Bull., 85 (4) : 703-711. 
   Using a simulation model of a typical year in the North Pacific albacore (Thunnus alalunga) fisheries in the 

1970s, the authors tested for the degree to which the activity of fleets affects the performance of other fleets. 
The results show that rather drastic (factor of two) changes in the activity of any of the three principal 
albacore fleets have only a mild effect on the catch of the other fleets. With the overall exploitation rate in the 
model close to the exploitation rate determined from tagging results (6%), the maximum degree of interaction 
was a 7.5% drop in longline catch resulting from doubling the baitboat effort. The mild degree of interaction 
was insensitive to exploitation rate up to approximately 10% exploitation, although interaction became more 
severe at higher levels of exploitation. 

   Fish Catch Statistics/ Tuna-Fisheries/ Catch/ Effort-/ Fishing-Effort/ Competition-/ Fish-Catch-Statistics/ 
Thunnus-Alalunga/ Fisheries-/ Abundance-/ Simulation-/ I,-Indo-Pacific/ Effects-On/ Models-/ Fishery-
Interaction/ I, Pacific. 

Kleiber, P. ; Perrin, C., 1991. Catch-per-effort and stock status in the U.S. North Pacific albacore fishery : 
Reappraisal of both. Fish. Bull., 89 (3) : 379-386. 

   On reexamining a routine procedure for reporting catch-per-effort (CPE) in the North Pacific albacore fishery, 
we found evidence that CPE as an index of population size has been subject to a changing degree of bias. The 
increasing, positive bias in the routinely reported CPE has produced an optimistic, upward trend in this 
population index during the past decade. A time series of CPE, calculated in a different way, trends 
downwards. The authors show that both time series are subject to increasing, positive bias under conditions of 
an increasing ability of fishermen to locate concentrated patches of albacore. We present evidence that this 
ability has grown over the past decade, possibly as a result of increasing availability of satellite-based fishing 
advisories. The divergence of the two time series is explained by a model that shows a different rate of 
increase in bias in the two cases. The fact that the bias is increasing in the new time series implies that the true 
population has undergone a more severe decline than is shown by that series. 

   Fish Catch Statistics/ Catch/ Effort-/ Fishery-Management/ Fishery-Statistics/ Tuna-Fisheries/ Fishing-
Power/ INE-/ Mathematical-Models/ Stock-Assessment. 

Laloe, F., 1995. Effective or nominal efforts : the nature of possible translations. In  Gascuel, D. ; Durand, J.L. ;  
Fonteneau, A., ed. : French research in quantitative assessment and modelling of resources and fisheries 
systems. 1. Forum Halieumetrique, Rennes-France, 29 Jun-1 Jul 1993.  Paris-France, ORSTOM ,   pp. 
183-195. 

   Original title : Efforts effectifs et efforts nominaux : quelques questions de traduction. 
   Fishing activity is most of the time described in terms of nominal or effective efforts. If we want to represent 

given changes of effective effort acording changes in terms of nominal efforts, or inversely, we must 
determine the nature of possible translations. The answer to this question is not unique and we show that the 
existence and the nature of a translation widely depends on the nature of the exploitation and on the 
framework used to represent this exploitation. 

   Fish Catch Statistics/ Fishing-Effort/ Fishing-Mortality/ Fishing-Power. 
Laurec, A., 1977. Analysis and estimation of fishing power [North East Atlantic, Thunnus alalunga]  . Journal Du 

Conseil (Denmark).  37 (2) : 173-185 . 
   An analysis of the fishing power concepts leads to a distinction between local fishing power (at a given 

location), and overall fishing power. Overall fishing power takes into account the ability to detect and quickly 
exploit rich areas. In order to estimate local fishing power it is necessary to compare the catches of different 
ships operating in neighbouring areas. Such a comparison performed on two ships will give an estimate of 
their relative fishing powers. The closer the two ships are, the more reliable will be the estimate. A weighting 
function must be used, and this function is related to the spatial heterogeneity of the fish density. Such a 
function is provided by the variogram as defined by Matheron (1965). Overall fishing powers can bc 
estimated using Robson's method (1966) where no division into spatial blocks is made: the fact that a ship is 
in a rich or a poor area must be related to the strategic component of its overall fishing power. A comparison 
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between local and overall fishing powers may give a good insight of the strategic activity of the fishing fleet. 
The North East Atlantic albacore (Thunnus alalunga) surface fishery, more precisely its French component, 
has been studied as an example. The variograms have been estimated and appear to give a significant 
description of the spatial heterogeneity of the fish density. Individual local and overall fishing powers have 
been estimated. These calculations give information about the relative influences of local fishing powers and 
strategic abilities in overall fishing powers. If the strategic index is defined as the ratio of the overall to the 
local fishing power it appears that the local fishing power is generally the major component of the overall 
fishing power of a ship; and that the strategic component cannot bc neglected as important differences occur 
between individual strategic indices. The first result may not be true within the Spanish fleet where some 
ships are unable to reach the best areas at the beginning of the fishing season. Some explanations emerge 
concerning individual local fishing powers and strategic indices. Local fishing power must be related first to 
type of gear used (bait boats and trollers appear in the fishery), and secondly to the home port of a ship. The 
strategic index must be essentially related to the home port. Some statistical inferences are possible only from 
the estimates of local fishing power. The differences which appear between yearly estimates of the strategic 
index of the same ships suggest that strong random components affect these estimates. 

   Fish Catch Statistics/ Fishing Power/ Catch-Statistics/ Fishing Strategies/ North-East Atlantic/ Thunnus-
Alalunga. 

Laurec, A. ; Biseau, A. ;  Charuau, A., 1991. Modelling technical interactions. In  Daan, N. ; Sissenwine, M.P., eds. : 
Multispecies models relevant to management of living resources. Symp., The Hague-Netherlands, 2-4 Oct 
1989.  vol. 193,   pp. 225-236. 

   The assessment of technical interactions is relatively straightforward when partial fishing mortalities are 
constant among stocks, ages, and fleets. This implies a constant multispecies fishing pattern, which is 
generally not the case, however. The definition of fishing practices, or "metiers", by gear, target species, and 
fishing ground, is suggested. Within each "metier" the multispecies fishing pattern can be considered as 
constant. Dynamic modelling of multispecies fleet interactions is based on classical population dynamics 
models, considering as inputs fishing effort by "metiers", and describing changes in the various stocks and 
catches by species and fleet. The model also includes a feedback effect relating the fishing efforts by "metier" 
to the benefits they generate, which in turn depend on economic factors and the relative status of the stocks. 
Simulations based on Celtic Sea fisheries are given as an illustration. 

   Fish Catch Statistics/ Multispecies-Fisheries/ Mathematical-Models/ Fishing-Gear/ Fishery-Economics/ 
Fishery-Management/ ANE,-Celtic-Sea/ Simulation-/ Stock-Assessment/ Population-Dynamics/ Fishing-
Mortality. 

Laurec, A. ; Le Guen, J.C., 1977. CPUE for seiners and stock abundance : the impact of fine structure.  Coll. Vol. 
Sci. Paper. ICCAT , 7 (1) : 30-54 . 

   Studying the relations between nominal fishing intensity and fishing mortality, CPUE and abundance is of 
major interest, for estimating abundance from CPUE. One may expect to predict from population dynamics 
what the catches will be for a given nominal fishing intensity. 

   Fish Catch Statistics/ Population Dynamics/ Stock Assessment/ Catch/ Effort/ Fishing Mortality. 
Laurec, A. ; Shepherd, J.G., 1983. On the analysis of catch and effort data. J. Cons. Ciem., 41 (1) : 81-84. 
   The Hoydal-Jones modification of Saville's method for the use of fishing effort data is derived from first 

principles. Both are shown to depend, inter alia, on the assumption that each fleet takes a constant fraction of 
the total catch, which may be false. It is shown that both methods are closely related to the "gamma-method" 
of analysis, and their relative virtues are discussed, together with a suggestion for a possibly preferable hybrid 
method. 

   Fish Catch Statistics/ Mathematical-Analysis/ Fishing-Mortality/ Fishing-Effort/ Catch/ Effort-. 
 
Mangel, M., 1982. Search effort and catch rates in fisheries. European Journal of Operational Research, 11 (4) : 331-

366. 
   In this paper, "fishing effort" is divided into effort associated with finding fish (search effort) and effort 

associated with landing fish (harvest effort). The effects of search and harvest on population estimates are 
studied by using a renewal model for the fishing process of search and harvest. For the tuna purse seine 
fishery the mean number of schools encountered is much more sensitive to search parameters than to harvest 
parameters. A maximum likelihood estimate of school density is derived. The effects of a finite number of 
schools and the depletion of fish stocks during the fishing and search operations are studied. 

   Fish Catch Statistics/ Fishing Effort/ Harvesting-/ Fishing Operations/ Schooling/ Purse-Seines/ Tuna 
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Fisheries. 
Mangel, M. ; Beder, J.H., 1985. Search and stock depletion : theory and applications. Can. J. Fish. Aquat. Sci.,  42 (1) 

: 150-163. 
   A general theory for the estimation of stock size from search data is developed. In the theory, it is assumed 

that discrete aggregations (schools of fish, beds of clams) are encountered. The search model is an extension 
of the Poisson process to include depletion. The theory provides a way of estimating stock size and 
confidence intervals around the estimate, as well as the ability to predict future catches for a given level of 
effort. Three applications of theory are described: (1) estimating stock size when there is no catch; (2) 
determining, in real time, the length of fishing seasons; and (3) an empirical study of stock assessment of 
Pacific ocean perch (Sebastes alutus) near Rennell Sound, British Columbia. 

   Fish Catch Statistics/ Stock Assessment/ Resource Depletion/ Fishery Management/ Exploitation/ Sebastes 
Alutus/ Mathematical Models/ INE, Canada, British Columbia, Rennell Sound. 

Mangel, M. ; Plant, R.E., 1985. Regulatory mechanisms and information processing in uncertain fisheries. Mar. 
Resour. Econ.,  1 (4) : 389-418. 

   The authors study the effects on fisherman decision processes of periodic (e.g., weekly) individual quotas. In 
the model, the fisherman must choose at the start of each week which of two grounds to fish on. This study is 
concerned with the effect of weekly quotas on the joint production of information and fish. Various policy 
implications are discussed, and the results are compared with the policy analysis of Clark (1980) in the 
deterministic case. They show that the quota affects the value of information and that if quotas are 
transferable, then the quota may limit its own value. 

   Fish Catch Statistics/ Quota-Regulations/ Data-Acquisition/ Catch-Statistics/ Fishery-Policy/ Mathematical-
Models. 

Millischer, L. ; Gascuel, D. ; Biseau, A., 1999. Estimation of the overall fishing power : a study of the dynamics and 
fishing strategies of brittany's industrial fleets. Aquatic Living Resources, 12 (2) : 89-103. 

   The present paper suggests a method for estimating the fishing power of vessels and for analysing fleet 
dynamics. The approach is based on quantification of stocks catchability (q), derived from fishing mortality 
coefficients (F) as calculated by virtual population analysis. Catchabilities for each harvested stock are thus 
estimated relatively to the fishing effort (f(n)) of each vessel, according to the equation: q = (F/f(n)). A linear 
model is then fitted to these catchabilities. The model allows the identification and quantification of trends in 
average mortality rates per fishing hour for each stock. Under some assumptions, trends are interpreted as 
variations in the overall fishing power of each fleet. The approach is applied to three industrial and semi-
industrial fleets of Brittany (Lorient, Concarneau and Douamenez) and to the main gadoid stocks they exploit 
off the west coast of Scotland (ICES area Via), and in the Celtic Sea (ICES area VIIf,g,h) for Concameau. 
Results show large variations in fishing power. Particularly a marked increase trend in the fishing power 
exerted on saithe (Pollachius virens) is highlighted for the three fleets, over the period 1983-1989. These 
variations can be explained by the redirection of fishing strategies, which may occur on a large scale. Thus, 
we show how the collapse of saithe stock at first led the three fleets to intensify the harvesting of saithe, and 
from 1989 on, to adopt different strategies. The possible causes of the observed dynamics are discussed, as 
well as their consequences for fisheries management. In particular, the relevance of direct control of fishing 
effort as a regulatory tool is questioned. (C) Ifremer/Cnrs/Inra/Ird/Cemagref/Elsevier, Paris. 

   Fish Catch Statistics/ Catchability/ Fishing Power/ Fishing Strategies/ Fishery Management/ Fleet 
Dynamics/ Linear Model/ Pollachius Virens/ North-East Atlantic/ Exploitation. 

 
Millischer, L. ;  Maury, O. ;  Gascuel, D., 1998. L'estimation des puissances de pêche par modélisation linéaire des 

capturabilités. In Biométrie et Halieutique, journée de la société française de Biométrie, Rennes-France, 
25-29 mai 1998. 

   Fish Catch Statistics/ Fishing Power/ Linear Model/ Catchability 
Mullen, A.J. ; Anganuzzi, A. ; Deriso, R.B. ; Punsly, R.G. ;  Walker, G.J., 1996. A spatial model to investigate the 

effects on catches of tunas in the eastern Pacific Ocean which might have ensued from curtailment of 
certain fishing methods. In  Shomura, R.S. ; Majkowski, J. ;  Harman, R.F., eds. : Status of interactions 
of pacific tuna fisheries in 1995. Proceedings of the second fao expert consultation on interactions of 
pacific tuna fisheries, Shimizu-Japan, 23-31 January 1995.  Rome-Italy, FAO, Fish. Tech. Pap.  vol. 365 
,  pp. 322-338. 

   Boats of various types from several nations exploit tunas in surface waters of the eastern Pacific Ocean using 
different modes of operation. There is some concern regarding 2 of these modes. One involves taking tunas 
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associated with dolphins, and in the other tunas are taken while associated with passive floating objects, or 
'logs'. In both cases there is concern for non-target species, and in one there is additional concern that the 
fishery might be harmed because smaller individual fish tend to be taken. A spatial model has been developed 
to simulate the fishery. The catches from the model are compared to those from the fishery and then to those 
simulated with moratoria on the modes of concern. Two species of tunas, yellowfin (Thunnus albacares) and 
skipjack (Katsuwonus pelamis), are considered. The results of this study tend to confirm an earlier, simpler, 
study on the effect of ceasing to use dolphins in catching tunas. It appears the yield of yellowfin would 
increase immediately if log fishing ceased, whereas a temporary decline was expected before gaining an 
increased yield per recruit. The discrepancy is a result of an interaction between the fishing method and the 
mixed-species nature of the fishery. The effects of fishing mode are not universal, but interact with the type 
and nationality of the vessels. Vessels were divided into categories based on their type and nationality, and 
the catches of each category were tabulated. Moratoria improve the catches of some categories of vessel while 
causing a decline for others. The effects of such moratoria changed quite markedly for some categories within 
the period of the simulation. 

   Fish Catch Statistics/ Tuna-Fisheries/ Fishing-Gear/ Catching-Methods/ Interactions-/ Fish-Catch-Statistics/ 
Mathematical-Models/ Simulation-/ Thunnus-Albacares/ Euthynnus-Pelamis/ IE,-East-Pacific. 

Newman, G.G. ; Crawford, R.J.M. ; Centurier Harris, O.M., 1978. The effect of vessel characteristics and fishing 
aids on the fishing power of South African purse seiners in ICSEAF Division 1.6,  presented at Meet. 
Scientific Advisory Council, International Commission for the Southeast Atlantic Fisheries, Tenerife-
Canary Islands-Spain, Dec. 1977. Collect. Sci. Pap. ICSEAF, 5 :  123-144. 

   The South African purse seine fishery is subjected to various forms of limited entry, one of which is a control 
on fleet hold capacity. The effectiveness of this method of limiting fishing intensity during the period 1964 to 
1972 is examined by estimating the increases in fishing power that resulted from changes in vessel 
characteristics and the acquisition of fishing aids. The analysis shows that hold capacity, horsepower and age 
have all had a significant effect on the efficiency of the fishing fleet but that the influence of these parameters 
can change with circumstances. Small mesh nets, fish pumps and sonars also proved important, as did skipper 
changes. An effort time series was established and shows that actual effort increased considerably more than 
fleet hold capacity did during the same period. The limitation of fleet hold capacity has, however, avoided 
gross over-investment in the fishery. 

   Fish Catch Statistics/ Fishing-Power/ Seiners-/ ISW,-South-Africa/ Purse-Seines/ Fishery-Management/ 
Fishing-Vessels/ Catch/ Effort-. 

O' Brien, C.M. ; Kell, L.T., 1997. The use of generalized linear models for the modelling of catch-effort series. 1. 
Theory. Meet. of the ICCAT Standing Committee on Research and Statistics, Madrid-Spain, 1996. 
Collect Vol Sci Pap ICCAT, 46 (4) : 476-482. 

   The checking and assessment of generalized linear models is a largely neglected area of many fisheries 
studies and analyses. Statistical packages have been developed to facilitate the routine fitting of generalized 
linear models but most provide few facilities to enable the assessment of the adequacy of these models. Both 
the informal and formal techniques of model checking can be of equal importance and utility in this respect. 
Six types of assessments are needed to decide on the suitability of a particular model specification: 1) 
assessment of the scale of independent variables; 2) assessment of link function adequacy; 3) assessment of 
variance function adequacy; 4) investigation of systematic departure from assumed model; 5) outlier 
investigation; and 6) investigation of omitted predictor variables. Techniques are discussed and the 
presentation follows closely that in O'Brien (1991). Wherever possible, graphical displays are recommended, 
complemented by formal test statistics as appropriate. 

   Fish Catch Statistics/ Tuna-Fisheries/ Catch-Effort/ Stock-Assessment/ Mathematical-Models. 
Okamoto, H. ; Hirokawa, S. ; Miyabe, N., 1999. Trend of some features and possible factors which affect fishing 

performance of the japanese purse seine fishery in the Indian and Pacific oceans. Coll. Vol. Sci. Pap. 
ICCAT,  59  (3) : 253-276. 

   Possible factors which affect fishing efficiency were summarised, based on logbook data. In the Pacific 
Ocean, about one-half of the total fishing operations are on floating objects and the other half are on free 
swimming schools. In the Indian Ocean, more than 95 % of the total operations are on floating objects. In 
order to detect any trends in stock abundance, several features were observed, Of those, the distance between 
successive log sets and  searching time indicated a gradual increase in the Pacific Ocean. These trends might 
indicate a decrease in fish abundance. The use of fish aggregating devices (FADS) has become popular, but 
detailed information on  FADs is not recorded in the logbooks. As an example, the  use  of  FADs  in the 
experimental purse seine cruises by the Japan Marine Fishery Resource Research Center  was studied. 
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Because there are practically no natural logs in the lndian Ocean, the use of made-made FADs is almost 
essential, particularly in the eastern Indian Ocean. On the other hand, most of the FADs in the Pacific Ocean 
are constructed with natural logs or other floating objects, as well as materials carried by purse seiners. The 
number of FADs used in one cruise is limited by the number of radio buoys that are loaded on purse seine 
vessels, which is usually about 50 in the lndian Ocean and 15-20 in the Pacific Ocean. FAD operations were 
mostly made 30-60 days after the release of the FADS. 

   Fish Catch Statistics/ Tuna Fisheries/ Seining/ Logbooks/ Floating Structure/ Indian Ocean/ Attracting 
Techniques/ I, Pacific. 

Ortega Garcia, S. ; Gomez Munoz, V.M., 1992. Standardization of fishing effort using principal component analysis 
of vessel characteristics : the Mexican tuna purse-seiners. Sci. Mar. Barc.,  56 (1) : 17-20. 

   The fishing effort of the Mexican tuna purse-seine fleet for the period 1894-1985 was standardized using a 
principal component analysis of the following vessel characteristics: age built, gross and net tonnage, overall 
length, breadth and depth of the vessel, carrying capacity, horsepower and area of the net. The three first 
principal components explained 85% of the total variability; however, only the first one is needed to calculate 
the fishing power of an individual vessel. This method has two principal advantages: it avoids reliance on a 
single character, and it makes possible the calculation of continuous values for fishing power. 

   Fish Catch Statistics/ Mexico-/ Tuna-Fisheries/ Purse-Seining/ ASW,-Mexico/ Catch/ Effort-/ Fishing-Effort/ 
Fishing-Vessels-Statistics/ Thunnidae-/ ISE,-Mexico. 

Paloheimo, J.E. ; Dickie, L.M., 1964. Abundance and fishing success. Rapp. P.-V. Reun. Cons. Int. Explor. Mer., 155 : 
152-163. 

   Fish Catch Statistics/ Success/ Abundance/ Fishing Effort/ Distribution. 
Pella, J.J. ; Psaropulos, C.T., 1975. Measures of tuna abundance from purse-seine operations in the eastern pacific 

ocean adjusted for fleet-wide evolution of  increased fishing power, 1960-1971.  La Jolla -Ca USA, 
ICCAT, bull., vol. 16 (4) 

   The fishing power of the tuna purse-seine fleet of the eastern Pacific Ocean has increased since the early 
1960's. Because the entire fleet seems to have adopted equipment and techniques to increase its efficiency in 
capturing tunas, traditional methods of adjusting catch rates to a reference vessel type of fixed efficiency to 
index tuna abundance from fishing success are inapplicable. Instead, a methodology for such adjustment 
based on a mathematical representation of purse seining activities is developed. Observed changes in 
efficiency in subprocesses of purse seining are then used to adjust catch rates when computing abundance 
histories for yellowfin and skipjack in large regions of the eastern Pacific Ocean. 

   Fish Catch Statistics/ Purse-Seining/ Fishing Operations/ Fishing Power/ Tuna Fisheries/ Abundance/ IE, 
East Pacific. 

Power, J.H. ; Barry Moser, E., 1999. Linear model analysis of net catch data using the negative binomial 
distribution. Can. J. Fish. Aquat. Sci., 56 : 191-200. 

   Sampling with nets or trawls remains a common technique for determining the comparative abundances of 
aquatic organisms, and the objective of such studies is frequently to evaluate relationships among the counts 
of individuals caught and exogenous variables. Analysis of such data is often done with a general linear 
model (e.g. ,ANOVA, ANCOVA, regression), assuming an underlying normal probability distribution. Such 
analyses are not fully satisfactory because of the symmetry and continuous nature of the assumed normal 
probability distribution and the high variance to low mean value relationships common to counts of biological 
populations. The negative binomial is a discrete probability distribution that is recognized as a suitable 
descriptor of organism count data. We present an approach for undertaking linear model analyses of net catch 
data that permits estimation of model parameters (including the negative binomial k parameter) and 
hypothesis testing of both continuous and discrete model effects and their interactions using bootstrap 
replication. The analysis incorporates adjustment for varying element sizes, such as differences in the 
amounts of water filtered during sampling. 

   Fish Catch Statistics/ Linear Model/ Sampling-/ Abundance-/ Catch. 
Punsly, R., 1987. Estimation of the relative annual abundance of yellowfin tuna, Thunnus albacares , in the eastern 

Pacific Ocean during 1970-1985.  La Jolla -Ca USA, ICCAT, Bull. 19 (3) , 42 p.   
   Original title: Estimacion de la abundancia anual relativa del atun aleta amarilla, Thunnus Albacares , en el 

Oceano Pacifico oriental durante 1970-1985. 
   Estimates of relative annual abundance of yellowfin tuna (Thunnus albacares ) in the eastern Pacific Ocean 

during 1970-1985 are made using catch rates, measured as tons caught by purse seiners per hour of searching. 
Catch rates standardized by a weighted generalized linear model. The important standardizing factors are 
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vessel speed, season-area, and whether the yellowfin were caught in association with dolphins, skipjack tuna, 
or floating objects. The results indicate that catch per days fishing underestimates abundance during the late 
1970's when the fishery shifted some of its effort from dolphin sets to floating object sets, and overestimates 
abundance when the fishery shifted back to dolphin sets in 1984 and 1985. 

   Fish Catch Statistics/ Tuna-Fisheries/ Stock-Assessment/ Catch/ Effort-/ Thunnus-Albacares/ ISE-. 
Punsly, R.G. ; Deriso, R.B., 1991. Estimation of the abundance of yellofin tuna, Thunnus albacares , by age groups and 

regions within the eastern Pacific Ocean.  La Jolla -Ca USA, ICCAT, Bull. 20 (2), 131 p. 
   Original title : Estimacion de abundancia del atun aleta amarilla, Thunnus albacares , por grupos de edad y 

regiones en e l Oceano Pacifico oriental. 
   Monthly estimates of the abundance of yellowfin tuna Thunnus albacares , by age groups and regions within 

the eastern Pacific Ocean during 1970-1988 are made, using purse-seine catch rates, length-frequency 
samples, and results from cohort analysis. The numbers of individuals caught of each age group in each 
logged purse-seine set are estimated, using the tonnage from that set and length-frequency distribution from 
the "nearest" length-frequency sample(s). Nearest refers to the closest length-frequency sample(s) to the 
purse-seine set in time, distance, and set type. Catch rates are initially calculated as the estimated number of 
individuals of the age group caught per hour of searching. Then, to remove the effects of set type and vessel 
speed, they are standardized, using separate weighted generalized linear models for each age group. 

   Fish Catch Statistics/ Stock-Assessment/ Age-Groups/ Thunnus-Albacares/ Monthly-/ IE,-East-Pacific/ Tuna-
Fisheries. 

Punsly, R.G. ; Tomlinson, P.K. ; Mullen, A.J., 1994. Potential tuna catches in the eastern Pacific Ocean from schools 
not associated with dolphins. Fish. Bull. 92 (1) : 132-143. 

   The eastern Pacific purse-seine tuna fishery has historically been very productive, yielding up to 400,000 
metric tons (t) per year of primarily yellowfin, Thunnus albacares, and skipjack, Katsuwonus pelamis. 
However, efforts to minimize dolphin (primarily spotted dolphin, Stenella attenuata, spinner dolphin, S. 
longirostris, and common dolphin, Delphinus delphis) mortality incidental to tuna seining in the eastern 
Pacific ocean have been increasing. Therefore, predictions of what the tuna catches will be in the future, if 
there is a ban or moratorium on catching dolphin-associated tuna, are useful. Based on recruitment levels, 
age-specific catchability coefficients for yellowfin tuna caught without dolphins, and average fishing effort 
observed during 1980-88, we predicted that yellowfin catches would be reduced by an average of about 25%. 
These results were verified by Monte Carlo simulations, by using average effort and randomly selected 
yellowfin recruitment and catchability coefficients from 1980 to 1988, which predicted a mean annual 
decrease of 55,563 t or 24.7% of yellowfin catch. The actual reduction in yellowfin catch might be greater 
because 1) fishing effort will probably decline, 2) the range of the fishery might be reduced to the traditional 
inshore non-dolphin regions, and 3) yellowfin recruitment could be reduced by the change in age structure 
and population size likely to result from a moratorium. Because skipjack seldom associate with dolphins, 
redirection of fishing effort to schools of tuna not associated with dolphins would probably result in increased 
skipjack catch rates. However, the magnitude of the increase is difficult to estimate, because the population 
dynamics of skipjack are poorly understood. Finally, this study predicted that the catches in the first years 
after a moratorium on dolphin sets would not necessarily reflect long-term catches. 

   Fish Catch Statistics/ Fish-Catch-Statistics/ Purse-Seining/ Tuna-Fisheries/ Associated-Species/ Marine-
Mammals/ Thunnus-Albacares/ IE,-East-Pacific/ Fisheries-/ IE, East Pacific. 

Robins, C.M. ; Wang, Y.G. ; Die, D., 1998. The impact of global positioning systems and plotters on fishing power in 
the northern prawn fishery, Australia. Can. J. Fish. Aquat. Sci., 55 (7) : 1645-1651. 

   The impact of global positioning systems (GPS) and plotter systems on the relative fishing power of the 
northern prawn fishery fleet on tiger prawns (Penaeus esculentus Haswell, 1879, and P. semisulcatus de Haan, 
1850) was investigated from commercial catch data. A generalized linear model was used to account for 
differences in fishing power between boats and changes in prawn abundance. It was found that boats that used 
a GPS alone had 4% greater fishing power than boats without a CPS. The addition of a plotter raised the 
power by 7% over boats without the equipment. For each year between the first to third that a fisher has been 
working with plotters, there is an additional 2 or 3% increase. It appears that when all boats have a GPS and 
plotter for at least 3 years, the fishing power of the fleet will increase by 12%. Management controls have 
reduced the efficiency of each boat and lowered the number of days available to fish, but this may not have 
been sufficient to counteract the increases. Further limits will be needed to maintain the desired levels of 
mortality. 

   Fish Catch Statistics/ Catch/ Fleet. 
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Robson, D.S., 1966. Estimation of the relative fishing power of individual ships. ICNAF Research Bulletin, 3 : 5-14. 
   Commercial catch statistics for individual vessels and individual fishing trips may be converted to catch per 

standard unit of effort by estimating and adjusting for the effects of such factors as tonnage, class, design, age 
of vessel, skipper, and location of fishing grounds. Available data indicate that the most efficient statistical 
procedure for estimating and testing the effects of these factors is the method of least squares regression 
analysis or, equivalently, the factorial analysis of variance for unequal subclass numbers. This procedure is 
illustrated in detail here by a four-factor analysis which may be readily programmed for an electronic 
computer. 

   Fish Catch Statistics/ Fishing Vessels/ Fishery Statistics/ Catch Effort/ Stock Assessment/ Biomass/ Marine 
Fish/ Tonnage/ Class/ Design/ Vessel Age/ Skipper/ Fishing Grounds/ Regression Analysis/ Factor Analysis. 

Swain, D.P. ; Sinclair, A.F., 1994. Fish distribution and catchability: What is the appropriate measure of 
distribution?  Can. J. Fish. Aquat. Sci., 51 (5) : 1046-1054. 

   The authors show that spatially uniform changes in abundance can affect catchability given certain models for 
the distribution of fishing effort, but that this effect is slight compared with the effect of changes in the spatial 
spread of fish distribution. An index of distribution is described that depends only on spatial spread: the 
minimum area over which a specified percentage of the population is spread. We tested the density 
dependence of this index using data on Atlantic cod (Gadus morhua) in the southern Gulf of St. Lawrence. 
Results depended on the percentage of the population for which the index was evaluated. The area containing 
most (90 or 95%) of the population was density dependent, expanding as population size increased. The area 
of highest cod concentration (i.e., the area containing 50% of the population) did not expand significantly as 
population size increased. 

   Fish Catch Statistics/ Fishery-Management/ Catchability-/ Geographical-Distribution/ Population-Density/ 
Mathematical-Models/ Gadus-Morhua/ ANW,-Canada,-St.-Lawrence-Gulf. 

Vignaux, M., 1996. Analysis of spatial structure in fish distribution using commercial catch and effort data from the 
New Zealand hoki fishery. Can. J. Fish. Aquat. Sci., 53 (5) : 963-973. 

   A linear model was fitted to commercial catch per unit effort data in the spawning hoki, (Macruronus 
novaezelandiae) trawl fishery off the west coast of the South Island of New Zealand. Correlations in the 
residuals from this model extend out to 11 nautical miles and persist for periods of up to 14 days, suggesting 
that there is patchiness in the fish distribution on this spatial and temporal scale. Simulation studies show that 
this method can detect patchiness in the density distribution even when the trawl shots are comparable in 
length with th size of the patches, and that the extent of the correlations correctly estimates the size of the 
patches. 

   Fish Catch Statistics/ Fishery-Statistics/ Catch-Effort/ Population-Density/ Geographical-Distribution/ 
Temporal-Distribution/ Mathematical-Models/ Macruronus-Novaezelandiae/ ISE,-New-Zealand. 

Vignaux, M., 1996. Analysis of vessel movements and strategies using commercial catch and effort data from the 
New Zealand hoki fishery. Can. J. Fish. Aquat. Sci., 53 (9) : 2126-2136. 

   Standardized catch rates from a multiplicative model of commercial catch per unit effort data have been 
examined to investigate vessel movements and strategies. A linear model was fitted to log-transformed 
commercial catch per unit effort data in the spawning hoki (Macruronus novaezelandiae) trawl fishery off the 
west coast of the South Island of New Zealand. The residuals from this model were examined; catch rates 
from tows done by different vessels at different times of day are standardized and, therefore, comparable. 
There is evidence that vessels make decisions about where to fish based on both their own recent catch 
history and on observations about the location and aggregation of other vessels. There is no evidence that 
there is enough information transfer from vessels to make decisions on the basis of catch rates of the other 
vessels in the fleet. 

   Fish Catch Statistics/ Fishing-Vessels-Statistics/ Dynamic-Analysis/ Fishing-Effort/ Catch-Effort/ Abundance-
/ Mathematical-Models/ Fishery-Management/ Gadidae-/ Macruronus-Novaezelandiae/ ISE,-New-Zealand. 

Vignaux, M. ; Vignaux, G.A. ; Lizamore, S. ; Gresham, D., 1998. Fine-scale mapping of fish distribution from 
commercial catch and effort data using maximum entropy tomography. Can. J. Fish. Aquat. Sci., 55 (5) 
: 1220-1227. 

   This study presents a technique for mapping the spatial distribution of fish using commercial catch and effort 
data. The relative fish density can be estimated at scales smaller than the length of the unit of effort, such as a 
tow, by using a Bayesian maximum entropy method. This can take advantage of the fact that the tows cross to 
give information about the density in those areas. This is a novel application of a well-tested technique that 
has been used in other fields such as astronomical imaging. Its utility and robustness is demonstrated both on 
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simulated data and on real data from the trawl fishery on spawning hoki (Macruronus novaezelandiae) off the 
west coast of the South Island of New Zealand. 

   Fish Catch Statistics/ Marine-Fish/ Geographical-Distribution/ Mapping-/ Acoustic-Tomography/ Entropy-/ 
Fishery-Data/ Catch-Effort/ Fishery-Management/ Macruronus-Novaezelandiae/ ISE,-New-Zealand. 

Wada, T. ; Matsumiya, Y., 1990. Abundance index in purse seine fishery with searching time. Jap. Soc. Sci. Fish., 56 
(5) : 725-728. 

   Original title : Tansaku jikan o koryoshita makiamigyogyo no shigenryoshisu nitsuite. 
   In the case of a purse seine fishery for aggregative pelagic fishes, School Size x School density x Fishing 

Ground Area is suggested as a basis for the abundance index. Catch per casting effort and reciprocal of 
searching time are thought to be proper indices for school size and school density, respectively. The equation 
for calculating the abundance index is shown and the relation between the variables were theoretically 
examined when the size of fishing ground changes. The above theory was trially applied to the data from the 
sardine purse seine fishery on the southeast coast of Hokkaido (Japan) and the validity of the equation for 
variables of abundance index was supported. 

   Fish Catch Statistics/ Resource-Availability/ Catch/ Effort-/ Purse-Seines/ Mathematical-Analysis/ Pelagic-
Fisheries/ Stock-Assessment. 

 

FISHING OPERATIONS 
 
Coan, A.L. ; Sakagawa, G.T., 1983. An examination of single set data for the U.S. tropical tuna purse seine fleet : 

Meet. ICCAT Standing Committee on Research and Statistics, Madeira-Portugal, Nov 1982. Collect. 
Vol. Sci. Pap. ICCAT., 18 (1) : 83-99. 

   The United States tuna purse seine fleet has operated in the Atlantic Ocean since 1967. The fleet has 
undergone many changes in vessel characteristics and in the conduct of fishing operations through the years. 
Detailed information is given on vessel characteristics and fishing operations from logbooks maintained by 
the vessels. Changes in net size, vessel capacity, trip length, type and size of sets, and sizes of yellowfin and 
skipjack tunas (Thunnus albacares  and Katswonus pelamis ) in sets are included. Major emphasis is on 
analysis of data from the eastern tropical Atlantic for the period 1967-1980. 

   Fishing Operations/ Tuna-Fisheries/ Fishery-Data/ Fishery-Development/ Purse-Seining/ Katsuwonus-
Pelamis/ Thunnus-Albacares/ ASE-. 

de Montaudouin, X. ; Hallier, J.P., 1991. Purse seine set durations and their effects on the searching effort of western 
Indian Ocean purse seine fishery (TWS/90/49). In  Coll. Vol. of Work. Doc. presented at the expert 
consultation of stock assessment of tunas in the Indian Ocean, Bangkok-Thailand, 2-6 july 1990.  vol. 4pp. 
216 -229 

   Fishing set durations of the tuna purse seine fishery based in Seychelles is analysed using data collected by 
observers on board vessels. The final aim is to assess searching times and corresponding abundance indices. 
Equations of purse seine set durations in relation to the catch per set are formulated for any given year, flag or 
possible type of fishing set (log/tree). Equations are compared, and parameters influencing them are 
examined: purse seiner size, sea condition, fish size, amount of fish discarded. The impact of fishing 
durations on global catches is assessed. 

   Fishing Operations/ Tuna-Fisheries/ Purse-Seining/ Fishing-Operations/ Fishery-Data/ Stock-Assessment/ 
ISW,-Seychelles. 

de Montaudouin, X. ; Hallier, J.P. ;  Hassani, S., 1990. Analysis of data collected by observers on board seiners based 
at the Seychelles (1986-89). In Tech.-Rep., Victoria-Seychelles, Seychelles-Fish.-Auth., vol. 14, 34 p. 

   Original title : analyse des données collectées lors des embarquements à bord des senneurs basés aux 
Seychelles (1986-1989). 

   The tuna purse seine fishery based in Seychelles is analysed using data collected by observers on board 
French, Spanish, Japanese and Soviet vessels. From 1986 to 1989, different types of data were recorded such 
as meteorological and oceanographic parameters, aspects and sizes of schools sighted, seiner activities, 
fishing characteristics (catch, yield, duration of fishing sets). Reliability of observers data with respect to 
catches is assessed by comparison with log book data from French purse seiners. 

   Fishing Operations/ Purse-Seining/ Fishing-Operations/ Catch-Composition/ Thunnus-Albacares/ Thunnus-
Obesus/ Katsuwonus-Pelamis/ Fishery-Data/ ISW,-Seychelles/ Tuna-Fisheries. 



 29

 
Fonteneau, A., 1999. Note sur les temps de recherche journaliers maximum des senneurs intertropicaux. Coll. Vol. 

Sci. Pap. ICCAT, 59  (3) : 292-294. 
   This document presents the maximum daily duration of purse seine searching time in the inter-tropical areas. 

This daily duration of the day time is variable according to latitude and season, and searching for tuna schools 
can only be conducted during daylight hours (e.g. between sunrise and sunset). This duration of the maximum 
daily searching time should be routinely used and should preferably replace the constant 12 or 13 hours of 
standard daily searching time, which is presently used for the French and Spanish purse seiners in the Indian 
and Atlantic Oceans. 

   Fishing Operations/ Seiners/ Fishing Time/ Daily/ Tuna Fisheries/ Indian Ocean/ A, Atlantic. 
Fonteneau, A. ; Laloe, F. ;  Mamolar, J.M., 1986. Duration of the sets of French, Ivory Coast, Senegalese and 

Spanish purse seiners. In  Symons, P.E.K. ; Miyake, P.M. ;  Sakagawa, G.T., eds. : Proceedings of the 
ICCAT conference on the international skipjack year program, Tenerife-Spain 21 jun. 1983.  Madrid-
Spain, ICCAT,   pp. 140-144. 

   Original title: Durée des coups de senne des senneurs francais, ivoiriens, sénégalais et espagnols. 
   This paper analyzes the duration of 516 sets observed by scientists on French, Ivory Coast and Senegalese 

(FIS) purse seiners, and on Spanish purse seiners. The study compares the duration of sets as a function of 
catch for the two fleets, and by size categories of vessel. The study shows that Spanish purse seiners make 
sets more quickly. The time spent immobilized while making sets during the skipjack (Katsuwonus pelamis ) 
year was estimated for FIS and Spanish seiners. 

   Fishing Operations/ Tuna-Fisheries/ Purse-Seining/ Fishing-Effort/ Comparative-Studies/ ASE-/ France-/ 
Ivory-Coast/ Senegal-/ Spain-. 

Gaertner, D. ; Ariz, J. ; Nordstrom-Fonteneau, V., 1999. Remarques sur le calcul de l'effort de pêche des thoniers 
senneurs : temps de recherche, temps de pêche diurne effectif et proportion de temps pris par les calées 
nocturnes. Coll. Vol. Sci. Pap. ICCAT, 59  (3) : 432-436. 

   Data collected, until now, by at-sea observers during the Bigeye Research P 'ect of the European Union were 
used in order to do a first analysis of the purse-seiner's searching time. With respect to a standard fishing day 
of 12 h, traditionally used to calculate the searching time, it appears that the introduction of the total daylight 
hours per day is a notable improvement. However, the effective fishing time per day is often lower than the 
total daylight hours, from 4 to 7 % as in summer, or by contrast higher into the strata where sets are made 
before dawn. Accordingly, it will be necessary to adjust the daylight hours by the effective fishing time for 
each strata. The proportion of the sets made during the night reached 6 % of the total setting time. Taking into 
account the fact that about 50 % of the log sets were observed between 6 h and 8 h in the morning, this 
proportion could be larger in the spatio-temporal strata in which logs are abundant. It is important to point out 
that these strata were under-sampled by observers aboard due to the closure of log fishing operations decided 
by the european purse-seiners companies. 

   Fishing Operations/ Tuna Fisheries/ Seiners/ Fishing Time/ Diurnal Variations/ Floating Structure/ A, 
Atlantic. 

Gaertner, D.  1999. Estimation de la durée des calées chez les senneurs français et espagnols opérant dans l'océan 
Atlantique, à partir des observations scientifiques du programme européen sur le Patudo (1997-1999). 
ICCAT SCRS/99/67 : 12 p. 

   The duration of the sets is not reported in the purse seiner logbooks, thus the relation ship between the set 
time and the catch of the set should be periodically updated from data obtained during observer on board 
programs. Nevertheless, because large set time values (i.e., sets with incidents during the fishing operation) 
are observed in the data set, the choice of inadequate criterion to fit the data is an important topic. The 
ordinary least square regression, that uses the complete data set, gives a good estimate of the total time lost 
during the sets but does not show the true relationship between the set time and the catch per set. In contrast, 
robust regression such as the "Least trimmed square" (LTS) does not use these outliers and gives a good 
estimate of this relationship, which should be used later to analyse the increase in fishing power of the purse 
seiners over the years. It will, however, not lead to a good estimate of the total duration of the sets. In order to 
reach both objectives, we recommend a“ Bayesian approach ” which consists (1) to fit the data with the robust 
regression and (2), to correct each predicted set time with a value resampled with replacement from a non-
equiprobable prior distribution of residuals. Taking into account that only the Flag vessel factor is significant, 
this relationship can be expressed as: Set time (h) = 1,950 + 0,015 * Catch (T) - 0,078 * Flag vessel, with Flag 
vessel = 1 for Spain and -1 for France. For the unsuccessful sets  (<1 T), only the factor Fishing mode 
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(Floating objects vs School sets) is significant. In order to take into account the different probabilities of the 
sets with large and short durations, we recommend to separate the data by fishing modes and tore sample each 
set time value with a weight proportional to its likelihood into the prior observed set time distribution. 

   Fishing Operations/ Seining/ Fishing Time/ Statistical Models/ Bayesian/ A, Atlantic. 
Gillett, R.D., 1987. Observations on two Japanese purse-seining operations in the Equatorial Pacific. In  Rapp.-Tech.-

Programme-Eval.-Thonides-Marlins-S.-Pac.-Comm. Noumea-New-Caledonia, S.-Pac.-Comm., vol. 16, 35 
p. 

   Original title : Missions d'observation à bord de deux senneurs japonais en campagne dans le Pacifique 
équatorial. 

   A summary is given of observations on board 2 Japanese tuna purse seiners during operations in the 
Equatorial Pacific. Fishing techniques, fishery yield and sampling methods are described. Conclusions and 
recommendations of the study are included. 

   Fishing Operations/ Tuna-Fisheries/ Purse-Seining/ Fishing-Operations/ Fishery-Data/ IS,-Equatorial-
Pacific/ Japan-. 

Gillett, R.D., 1986. Observer trip on United States purse-seine vessel (November-December 1984). In  Tech.-Rep.-
Tuna-Billfish-Assess.-Programme,-S.-Pac.-Comm. Noumea-New-Caledonia, S.- Pac.-Comm.  vol. 15, 37 
p. 

   The observations made on board a US tuna purse seiner operating in the western Pacific are summarized. 
Data concerning the vessel and crew, fishing activities, catch sampling, blue marlin and bigeye are presented. 
A comparison was also made of fleets, areas and type of fishing. 

   Fishing Operations/ Tuna-Fisheries/ Purse-Seining/ Fishing-Operations/ USA-/ IW,-West-Pacific. 
Green, R.E., 1967. Relationship of the thermocline to success of purse seining for tuna. Trans. Am. Fish. Soc., 96 (2) : 

126-130. 
   Bathythermograph casts made with fishing sets on tuna in the eastern tropical pacific ocean were examined 

for a relationship between fishing success and characteristics of the thermocline. Success was hightest in thin 
mixed layers over thermoclines of sharp temperature gradients. 

   Fishing Operations/ Tuna Fisheries/ Purse-Seining/ Thermocline-/ Success/ IE, Tropical Pacific. 
Greenblatt, P.R., 1977. Factors affecting tuna purse seine fishing effort : Presented at ICCAT Standing Committee 

on Research and Statistics, Madrid-Spain, Nov 1977. Collect. Vol. Sci. Pap. ICCAT , 6 (1) : 18-30. 
   Purse seine fishing effort, redefined by considering the actual fishing process, was examined in detail. Since 

the process of purse seining is a complicated one, the fishing effort estimator is also complicated. Measuring 
'area searched' adjusted by the setting capability of the vessel yielded a good relationship between catch and 
effort. Problems exist with measuring cooperation between vessels and partitioning effort in a multiple 
species fishery. Application of the methods described to a fishery, partitioned by area, would probably yield 
more precise population estimates than presently exist. Further work needs to be done in measuring 
cooperation, dealing with the multiple species problem, and collecting the appropriate data in different 
fisheries. 

   Fishing Operations/ Fishing-Effort/ Purse-Seining/ Scombridae-/ Methodology-. 
Inada, H. ; Sekine, J. ; Kim, H.S. ; Nemoto, M. ; Takeuchi, S. ; Kagoshi, M. ; Anzai, Y. ; Yabuki, K., 1997. The 

influence of environmental conditions on fish catches during purse seining operations for skipjack 
Katsuwonus pelamis and yellowfin tuna Thunnus albacares in the western Tropical Pacific fishing 
grounds. J. Tokyo Univ. Fish.,  83 (1-2) : 129-138. 

   Research fishing operations were conducted to examine the underwater behavior and capture process of the 
purse seine for skipjack Katsuwonus pelamis and yellowfin tuna Thunnus albacares in the western tropical 
Pacific region. Meteorological and oceanographic data, records of boat and gear maneuvers, behavior of the 
fishing gear and target fish schools, and catches were obtained during 30 fishing sets of the skipjack purse 
seiner No. l8 Taijinmaru (62m LOA) in the area of 7 degree N-4 degree S, l39 degree -l64 degree E on 
December 1991. The purse seine had a float line length of 1,620m and a stretched net depth of 330m. During 
the operations, the current velocity was typically less than 0.3kt in the surface layer and more than 0.3kt in the 
mid layer (70m, 110m depth). The maximum sinking depth of central footrope of the purse seine was between 
100m and 220m. This depth was influenced by the mid layer current with higher current velocities increasing 
the catch failure ratio. The relationship between these environmental factors and the purse seine behavior was 
discussed to improve either net design or fishing tactics. 

   Fishing Operations/ Purse-Seines/ Tuna-Fisheries/ Catch-Effort/ Fishing-Operations/ Current-Data/ Depth-/ 
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Euthynnus-Pelamis/ Thunnus-Albacares/ ISEW,-Tropical-Pacific/ Midwater-Current. 
Ionas, V.A. ; Grojsman, M.Ya., 1985. An approximate method for estimation of outer load during purse seine 

hauling. In  Bunin, D.Kh., ed. : Mechanization and automation of fishery and processing of fish and 
shellfish, pp. 145-150. 

   Original title : Priblizhennyj method opredeleniya vneshnej nagruzki pri vybore koshel'kovykh nevodov. 
   The size of a seine and a vessel and hauling speed are the major factors responsible for the outer load on a 

purse seine. An empirical formula to estimate the outer load of the hauler is suggested. 
   Fishing Operations/ Purse-Seines/ Lifting-/ Approximation-/ Methodology-. 
 
Kim, Y.H. ; Huh, T., 1987. Sinking movements and catch of the tuna purse seine off Southeast Guam. Bull. 

Tongyeong Fish. Jr. Coll., 22 : 1-6. 
   When designing the purse seine, the sinking and operating shape of the nets must be considered so as to 

prevent escape of the fish school from the encircled area. The fishing operation data obtaining from 180 sets 
of a tuna purse seiner in the western equatorial Pacific waters from Jan. to Nov. 1984, were investigated on 
the sinking movements and catching capacity of the tuna purse seine. 

   Fishing Operations/ Tuna-Fisheries/ Purse-Seines/ Gear-Research/ ISEW,-Guam. 
Marsac, F., 1987. A method to assess the set time of the purse seiners in the Indian Ocean. In  Coll. vol. of work. doc. 

presented at the expert consultation on stock assessment of tunas in the Indian Ocean held in Colombo-
Sri-Lanka, 4-8 december 1986.  Colombo-Sri-Lanka, FAO UNDP Indo Pacific Tuna-Dev. and Manage. 
Programme, vol. FAO/UNDP/IPTP TWS/86/38., pp. 155-161. 

   The set times relevant to 3 types of tuna purse seine gears used by tuna boats in the Indian Ocean are analysed 
and their respective efficiencies are compared. The data were collected on board French and Ivorian (FI) 
seiners by technical officers. Since data from the Spanish vessels which deal with a specific equipment are 
not available, the results reported by a French seiner using this kind of equipment were considered in order to 
assess its efficiency. The relationship between the set time and the catch is a linear model, whatever the purse 
seine gear may be. They confirm that 1) less time is required for setting with the equipment used by Spanish 
vessels and the French vessel considered; 2) that the recently introduced equipment, with opening ring nets, 
among the FI fleet, provides a greater efficiency when compared with the previous one fitted with closed ring 
nets. When catch for several sets are grouped together, a model is presented, which gives an estimation of the 
total set time. The purpose of these calculations is to provide a better estimation of the purse seiner fishing 
effort. 

   Fishing Operations/ Tuna-Fisheries/ Purse-Seining/ Fishing-Gear/ Fishing-Effort/ Gear-Selectivity/ 
Scombridae-/ ISW,-Indian-Ocean. 

Pillai, V.N., 1978. Some aspects of the oceanic thermocline in relation to fisheries. Seafood Export J., 10 (1) : 11-15. 
   The occurence of oceanic thermoclines is of importance to deep sea fisheries, especially purse seining, 

because the temperature gradient tends to segregate surface living fish from bottom or mid water fish. This 
phenomenon can aid in the efficiency of purse seining operations as it stops the fish (tuna for example) from 
escaping the seine by diving under the net before it can be pursed. fishing operations should, therefore be alert 
for the ocurrence of thermoclines. 

   Fishing Operations/ Fishery-Oceanography/ Purse-Seines/ Thermocline-/ Pelagic-Fisheries. 
Polacheck, T., 1988. Analyses of the relationship between the distribution of searching effort, tuna catches, and 

dolphin sightings within individual purse seine cruises. Fish. Bull., 86 (2) : 351-366. 
   The fine scale distribution of searching effort within individual purse seine cruises in the eastern tropical 

Pacific is analyzed in relationship to sightings of spotted dolphin, Stenella attenuata , and tuna catches. A 
clustering algorithm is developed which separates the activity of a vessel into areas where sets were common 
and areas where they are infrequent. Encounter rates with schools of spotted dolphins tend to be either much 
higher or much lower within defined clusters than outside them. Clusters with low encounter rates were 
clusters in which non-dolphin associated tuna sets predominated. The average catch of tuna per set was higher 
within the defined clusters than between them. The overall results suggest that fine scale geographic effects 
need to be considered when using data from purse seiners to examine changes in relative abundances of either 
dolphins or tuna. 

   Fishing Operations/ Tuna-Fisheries/ Catch/ Effort-/ Commercial-Species/ Purse-Seining/ Marine-Mammals/ 
Correlation-Analysis/ Geographical-Distribution/ Scombridae-/ Stenella-Attenuata. 
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TUNA BEHAVIOR 
 
Akishige, Y. ; Yoshimura, H. ; Nishida, H. ; Kuno, T. ; Morii, Y. ; Aoshima, T., 1996. Flotsam in the Equatorial 

Counter Current region of the western Pacific with reference to tuna purse seine fishing. Bull. Fac. 
Fish. Nagasaki Univ., 77 : 97-102. 

   Original title: Seibu taiheiyo sekido-hanryu-iki no hyoryubutsu ni tsuite. 
   Types and densities of flotsam in the Equatorial Counter Current area of the western Pacific were recorded for 

l9 years. In all l6 types were observed, of which drift wood accounted for 81%. Densities of flotsam 
fluctuated seasonally, presumably reflecting the seasonal fluctuation of rain fall on the lands where flotsam 
originated. The densities were relatively low in the years of El Nino period. Responses of fish on echo-
sounder record positively related with the size of drift wood, whereas the effect of the flotsam size on catch 
with purse seine was obscured by a high degree of variance in the latter. Out of 69 hauls of the purse seine 
operated during the survey period for training purpose, two hauls yielded more than 100 tons of skipjack 
indicating extremely large school of fish sometimes accompany flotsam. 

   Tuna Behavior/ Flotsam-/ Tuna-Fisheries/ Purse-Seining/ Fishing-Grounds/ ISEW,-Equatorial-
Countercurrent/ Driftwood. 

Ariz, J. ; Delgado, A. ; Fonteneau, A. ; Gonzales Costas, F. ; Pallares, P., 1993. Logs and tunas in the eastern 
Tropical Atlantic. A review of present knowledges and uncertainties. Collect. Vol. Sci. Pap. ICCAT, 40 : 
421-446. 

   The goal of this study is to review the tuna fisheries associated with floating logs in the eastern tropical 
Atlantic. In the Atlantic, the log fishery contributes to a relatively minor proportion of the purse seine catches 
(approximately 15% during the 1988-1990 period). The dominant species on log schools is skipjack 
(Katsuwonus pelamis) (76% for the same period), followed by yellowfin (Thunnus albacares) (17%) and 
bigeye (T. obesus) (7%). The skipjack taken under logs have a size distribution identical to the free school 
fish, when the yellowfin and bigeye show a majority of small fishes in number of fish, but also show a 
significant proportion of large individuals and subsequently an average weight of 5.3 kg for yellowfin and 4.5 
kg for bigeye. Many logs in the Atlantic seem to from natural origin and are drifting in the surface currents of 
the area. The accumulation of logs in the north equatorial convergency has been noticed and allows important 
tuna catches on logs. More recently, since the end of 1990, artifical logs have been deployed in great numbers 
in the offshore area by purse seiners, and allow to catch skipjack in new fishing zones and also yellowfin of 
larger sizes. Research recommendations are developed in order to improve the knowledge on the tuna and 
logs association and dynamics, and also to estimate the abundance in a purse seine fishery which develops a 
log fishing strategy such as presently in the Atlantic. 

   Tuna Behavior/ Tuna-Fisheries/ Purse-Seining/ Catching-Methods/ Fishery-Data/ Katsuwonus-Pelamis/ 
Thunnus-Albacares/ Thunnus-Obesus/ ASE-/ Floating-Logs. 

Ariz, J. ; Pallares, P. ; Delgado de Molina, A. ; Santana, J.C., 1991. Analysis of data obtained during observation 
campaigns in the Tropical Atlantic during the Yellowfin Year Program : ICCAT Yellowfin Year 
Program, Madrid-Spain, Jun 1989. Collect. Vol. Sci. Pap. ICCAT,  36 : 109-157. 

   Original title: Analisis de los datos obtenidos en campanas de observadores en el Atlantico intertropical 
durante el Programa Ano del Rabil. 

   This document presents the results obtained by scientific observers on-board industrial purse seiners in the 
Tropical Atlantic, for the Yellowfin Year Program of the International Commission for the Conservation of 
Atlantic Tunas and carried out by several countries between 1986 and 1988. Distinct aspects are analyzed 
which all lead to an enhancement of existing knowledge. The results are compared to those obtained in the 
Skipjack Year Program. 

   Tuna Behavior/ Tuna Fisheries/ Fishery Surveys/ Purse Seining/ Fishery Data/ Development Projects/ 
Thunnus Albacares. 

Brill, R.W. ; Holland, K.N. ;  Ferguson, J.S., 1984. Use of ultrasonic telemetry to determine the short-term 
movements and residence times of tunas around fish aggregating devices. In Proceedings of the pacific 
congress on marine technology, Honolulu-Hawaii, April 24 -27 1984 . Manoa-HI USA, Marine 
Technology Soc., n° MRM1/1 7. 

   Little is known about the optimal placement of fish aggregating devices (FADs) with respect to 
oceanographic or bathymetric conditions, or to each other. Also, there is little or no direct information 
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available on the true effects of FADs on the behavior of commercially important fish species or the ultimate 
impact of FADs on fishery resources. It was therefore decided that much could be learned about the optimal 
placement and effects of FADs by using ultrasonic telemetry techniques to determine the short-term (1-12 
days) behavior around FADs of commercially important fish species such as tunas. Yellowfin tuna, Thunnus 
albacares , and skipjack tuna, Katsuwonus pelamis , are the primary FAD associated target species in the 
Pacific. To monitor the fish's swimming depth, as well as their daily movements and residence times around 
FAD's it was decided to employ depth sensitive ultrasonic telemetry systems. 

   Tuna Behavior/ Attracting-Techniques/ Ultrasonics-/ Telemetry-/ Artificial-Reefs/ Tuna-Fisheries/ Fish-
Detection/ Echosounders-/ Movement/ Pisces-/ Thunnus-Albacares/ Katsuwonus-Pelamis/ ISE,-Hawaii/ Fish-
Aggregation-Devices/ I, Pacific. 

Hall, M. ;  Lennert, C. ;  Arenas, P., 1992. The association of the tunas with floating objects and dolphins in the 
eastern Pacific ocean. 2. The purse-seine fishery for tunas in the eastern Pacific ocean. In Hall, M., éd. : 
International workshop on the ecology and fisheries for tunas associated with floating objects and on 
assessment issues arising from the association of tunas with floating objects, La Jolla-California, 11-14 
février 1992. IATTC, 59 p. 

   In this paper we present a brief description of the purse-seine fishery for tropical tunas (mainly yellowfin 
tuna, Thunnus albacares and skipjack tuna, Katsuwonus pelamis) in the eastern Pacific Ocean (EPO) where 
tunas are caught in association with dolphins, in association with floating objects and in unassociated schools. 
Our principal interest is the role that these association play in the detection and capture of the tunas and in the 
ecology of the various species involved, and our main objective is to understand why these associations 
evolved, and through that understanding perhaps develop alternative ways of fishing that can circumvent the 
problems caused by the incidental mortality of dolphins in the fishery. The consideration of sample sizes 
includes the number of sets, the percentage of successful sets (those in which more than 0.5 tons of tuna is 
caught), the tonnages caught, and the proportion of the catch that was discarded at sea. The relative 
importance of the three modes of fishing and how they have changed over time is discussed, with regard to 
the number of sets and the total catches of yellowfin and skipjack. The average catches of yellowfin in 
successful sets, used as a rough measure of school size, is also studied on a temporal and spatial basis. Sets on 
dolphin-associated tunas ("dolphin sets") are described, showing the relative importance of the various 
species and stocks of dolphins found associated with tunas. The effects of dolphin stock and herd size on the 
average catches are also analyzed; the results suggest that herd size is a significant factor, as is distance to the 
coast. The length-frequency distributions of yellowfin caught in the different types of set in the whole EPO), 
and in selected areas within it, are compared. The comparison is then extended to longline catches versus 
seine catches, and to different species of dolphins. The seasonal patterns in number of sets and in average 
catch-per-successful-set are described for several subareas. The distribution of the different set types 
throughout the day, and the changes in size of both tuna schools and dolphin herds, and the ratio between the 
two), are also discussed. Dolphin herds found in association with tunas are composed in most cases of one or 
two species. The types of herds most frequently set on by the fishery are, in descending order, pure spotted 
dolphins, mixed herds of spotted + eastern spinner dolphins, mixed herds of spotted + whitebelly spinner 
dolphins, and pure common dolphins. Other, less frequent, herd types are not discussed individually. Finally, 
the seasonal distribution of sets on the different herd types, and their relative importance through the year, are 
discussed. 

   Tuna Behavior/ Tuna Fisheries/ Purse Seining/ Longlining/ Thunnus Albacares / Katsuwonus Pelamis/ 
Associated Species/ Marine Mammals/ Catch Composition/ IE, East Pacific 

Hallier, J.P., 1991. Tuna fishing on log associated schools in the western Indian Ocean : an aggregation behaviour 
(TWS/90/66). In  Coll. vol. of work. doc.  presented at the expert consultation of stock assessment of tunas 
in the Indian Ocean held in Bangkok-Thailand, 2-6 july 1990.  Colombo-Sri Lanka,  FAO UNDP Indo 
Pacific Tuna Development and Management Programme, vol. 4,  pp. 325-342. 

   Tuna commonly gather under floating objects drifting at sea surface. Purse seiners in the western Indian 
Ocean try to use this behaviour to their advantage. About half of their catch is made on "log associated" 
schools. This fishery as well as the log associated schools and tunas are distinguished from tuna fishing on 
non-associated schools. These differences are well documented and the underlying tuna behaviour is 
tentatively approached. Some consequences of these differences are analysed such as species composition 
correction procedures or the assessment of tuna catch by size. 

   Tuna Behavior/ Tuna-Fisheries/ Purse-Seining/ Catching-Methods/ Attracting-Techniques/ ISW,-West-
Indian-Ocean/ Driftwood-. 

Hallier, J.P. ; Parajua, J.I., 1992. Review of tuna fisheries on floating objects in the Indian Ocean. In Hall, M., éd. : 
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International workshop on the ecology and fisheries for tunas associated with floating objects and on 
assessment issues arising from the association of tunas with floating objects, La Jolla-California, 11-14 
février 1992. Inter-American Tropical Tuna Commission, 25 p. 

   Tuna Behavior/ Tuna Fisheries/ Purse-Seines/ Floating-Logs/ Catch Composition/ Size-Distribution/ Fishing 
Strategies/ Indian Ocean 

Hampton, J. ; Bailey, K., 1992. Fishing for tunas associated with floating objects : review of the western pacific 
fishery. In Hall, M., éd. : International workshop on the ecology and fisheries for tunas associated with 
floating objects and on assessment issues arising from the association of tunas with floating objects, La 
Jolla-California, 11-14 février 1992. IATTC, 59 p. 

   The tuna fishery in the western and central Pacific Ocean (WPO) is currently the world's largest, with a total 
catch in 1990 of approximately 1.2 million mt. The purse seine fleet, comprised of vessels from Australia, 
Indonesia, Japan, Korea, Philippines, Solomon Islands, Soviet Union, Taiwan and USA, accounted for about 
700,000 mt in 1990. Purse seiners set on a variety of floating objects with which tuna tend to associate. In the 
WPO, these include legs, drifting and anchored fish aggregation devices (FADS) and marine animals (mostly 
sei whales, and occasionally, minke whales and whale sharks). Sets are also made on tuna associated with 
oceanographic and geographic features such as current lines and seamounts, as well as unassociated tuna 
schools. Sets on dolphin schools are virtually unknown in the WPO. Log sets and sets on unassociated tuna or 
tuna associated with oceanographic or geographic features ("school" fish) generally account for more than 
90% of sets made in a quarter. Sets on FADs are common only in the Philippine and Solomon Islands fleets. 
Most animal sets are made by the Japanese and Korean fleets, but have accounted for less than 59% of their 
total sets. The highest skipjack catches per set tend to come from log and school sets, whereas higher 
yellowfin catches per set are made from anchored FAD and animal sets. School and animal sets tend to be on 
either pure skipjack or yellowfin schools, whereas log and FAD sets commonly have a mixed species 
composition. Sampling data indicate that 5-16% of the quarterly US purse seine "yellowfin" catch (by weight) 
from log sets is actually bigeye. In contrast, this percentage is less than 2% for school sets. Information on by-
catch is sparse. By-catch is known to be more extensive for log and FAD sets than for school and animal sets, 
commonly comprising such species as rainbow runner, mahimahi, triggerfish and silky sharks. Blue marlin 
are often caught in log sets in small numbers. Sampling of US purse seine catches indicates that larger sized 
yellowfin (>80 cm) are regularly caught in school sets but are less common in log sets. Also, large skipjack 
(>60 cm) are more common in school than in log sets. Large bigeye (>80 cm) are much less common than 
large yellowfîn, and are more frequently caught in log sets than in school sets. Sampling data from the 
Regional Tuna Tagging Project (RITP) indicate that very small skipjack, yellowfin and bigeye (<40 cm) often 
occur beneath logs and FADS. These small fish are probably also caught, and discarded, by purse seiners, and 
therefore do not appear in commercial catch samples. School and log sets tend to be concentrated in two 
latitudinal bands, 2°N-2°S and 3-6°N, corresponding respectively to the Equatorial Current (EC) and North 
Equatorial Counter Current (NECC). The frequency of log sets appears to increase as the eastward flowing 
NECC strengthens. Logs and associated tuna are also transported by the seasonal monsoonal currents flowing 
to the east in the first half of the year and to the west in the second half of the year to the north of Papua New 
Guinea and Indonesia. The size of tuna aggregations associated with logs increases towards the east, possibly 
related to log age and relative scarcity in this area. Animal sets (mainly on live whales) are most common to 
the north of Papua New Guinea in the first and fourth quarters. This association may be mediated by the 
presence of a common prey species, the ocean anchovy. Most sets on legs and FADs are made just before 
dawn and occasionally at dusk. School and live animal sets mostly occur in daylight hours. School and log 
sets show little overall seasonal variation ; however FAD sets are more common in the third and fourth 
quarters, while animal sets occur mainly during the first quarter. The most apparent long-term trend is an 
increase in school sets, particularly by US and Korean vessels. Skipjack and yellowfin catch per set for FAD 
and animal sets has been variable over time, but catch per log set has been more stable, particulary for 
yellowfin. Catch per school set for skipjack and yellowfin show opposite cyclical patterns that may be related 
to El Nino conditions in the WPO. The sizes of tuna aggregations associated with logs may sometimes exceed 
300 mt, but are more often less than 50 mt. Similar sized unassociated schools are caught. Frequently fished 
FADs probably support smaller aggregations due to the limited time for recruitment between successive sets. 
Tagged tuna may disperse rapidly or remain associated with legs for some days after tagging. Substantial 
displacements can occur while associated with logs drifting with the current. Distortion of the spatial 
distribution of tuna and difficulties in the quantification of log or FAD fishing effort are two problems 
encountered in the assessment of fisheries that exploit tuna associations with floating objects. Mathematical 
models that incorporate the dynamics of tuna attraction to floating objects are required. 

   Tuna Behavior/ Tuna Fisheries/ Fishing Strategies/ Floating-Logs/ Fish-Aggregation-Devices/ By Catch/ IW, 
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West Pacific 
Kleiber, P. ; Hampton, J., 1994. Modelling effects of FADs and islands on movement of skipjack tuna (Katsuwonus 

pelamis) : estimating parameters from tagging data. 123. Annu. Symp. American Fisheries Soc., 
Portland-Or.-USA, 1 Sep 1993. Can. J. Fish. Aquat. Sci.  51 (12) : 2642-2653. 

   From an experiment with ordinary dart tags, the authors found evidence of the effect of fish-aggregating 
devices (FADs) and of islands on the movements of skipjack tuna (Katsuwonus pelamis) around the Solomon 
Islands. By fitting a fish movement model to the tag data, we were able to estimate mortality and movement 
parameters (including diffusivity), parameters of a function that models FAD attraction, and a separate 
parameter of island attraction. Diffusivity was high enough to effectively distribute fish throughout the island 
archipelago (approximately 150 000 km super(2)) within a few months. Estimates of FAD parameters 
indicate that the presence of up to four or five FADs in an area approximately 50 x 50 km can reduce the 
propensity for skipjack to leave that area by approximately 50%, but that deploying additional FADs in such 
an area does not significantly increase their effectiveness in holding skipjack. Estimates of the island 
attraction parameter imply that the propensity of skipjack for movement away from the archipelago is less 
than half the propensity for movement within it. 

   Tuna Behavior/ Fishery-Management/ Attracting-Techniques/ Islands-/ Tagging-/ Local-Movements/ 
Mathematical-Models/ Katsuwonus-Pelamis/ ISEW,-Solomon-I./ Tuna-Fisheries. 

Stretta, J.M. ; Slepoukha, M., 1986. Analysis of biotic and abiotic factors associated with tuna schools. In  Symons, 
P.E.K. ; Miyake, P.M. ;  Sakagawa, G.T., eds. : Proceedings of the ICCAT conference on the 
international skipjack year program, Tenerife-Spain, 21 Jun 1983.    pp. 161-169. 

   Original title : Analyse des facteurs biotiques et abiotiques associés aux bancs de thons. 
   From the logbooks of tuna seiners operating in the Atlantic, the authors have analysed the effect of floating 

aggregating objects (OAF), of marine animals, of carcasses, and of seiners on the catches of skipjack when 
alone or associated with other tunas (yellowfin, bigeye), and on catches of yellowfin alone. This analysis 
showed that 17.62% of sets were made involving OAF, 8.35% involved whale-sharks, 1.32% dolphins, 8.12% 
whales, 0.64% carcasses, and 2.71% involved the seiner acting as OAF. Results are discussed. The effects of 
temperature, current, cloud cover, and state of the sea on schools of tuna in the presence or absence of OAF 
were also examined. 

   Tuna Behavior/ Tuna Fisheries/ Fish Catch Statistics/ Biotic Factors/ Abiotic Factors/ Schooling Behavior/ 
Water Temperature/ Fishery Oceanography/ Ocean Currents/ Cloud Cover/ Sea State/ Katsuwonus Pelamis. 

Watanabe, Y. ; Tsunekawa, T. ; Takahashi, M. ; Tabuchi, M. ;  Sugawara, T., 1988. Results on the experimental 
purse seine fishing with Fads in the Indian Ocean by R/V Nippon Maru . In Coll. Vol. of Work. Doc,. 
presented at the expert consultation on stock assessment of tunas in the Indian Ocean, held in Mauritius, 
22-27 june 1988.  Colombo-Sri Lanka ,  FAO UNDP Indo Pacific Tuna Dev. and Manage. Programme, 
vol. 3 n° IPTP TWS/88/45.,  pp. 227-232. 

   The results are presented of experimental purse seine fishing for tuna in the Indian Ocean using 2 types of fish 
attracting devices (payao and raft). Catch data are given for the periods 1985-86 and 1986-87. Findings 
indicate good possibility for Japanese single purse seiners fishing for skipjack in the Indian Ocean. 

   Tuna Behavior/ Experimental-Fishing/ Catching-Methods/ Attracting-Techniques/ Katsuwonus-Pelamis/ 
Japan-/ ISW,-Indian-Ocean/ Tuna-Fisheries. 

 

MODELS 
 
Anganuzzi, A.A., 1996. An aggregate model of effort distribution for the Eastern Pacific tuna fishery. In  Shomura, 

R.S. ; Majkowski, J. ;  Harman, R.F., eds. : Status of interactions of pacific tuna fisheries in 1995. 
Proceedings of the second FAO expert consultation on interactions of pacific tuna fisheries, Shimizu-
Japan, 23-31 january 1995.  Rome-Italy, FAO, Fish. Tech. Pap.  n° 365,  pp. 148-161. 

   A simulation model of the spatial distribution of fishing effort in the eastern Pacific tuna fishery is introduced. 
The model represents the changes in distribution of total effort as a function of perceived changes in relative 
abundance of the resource. Several stratification schemes allow refining of the resolution of the model to 
account for major heterogeneity in fleet composition. Possible parameterisations of the basic model and 
associated estimation procedures for its parameters are also discussed. In the eastern Pacific fishery, the 
model performed reasonably well in predicting average distributions of purse seine effort. Potential 
expansions of the basic model include individual-based models, currently under development. 
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   Models/ Tuna-Fisheries/ Fishing-Effort/ Mathematical-Models/ Stock-Assessment/ Thunnidae-/ I,-Pacific. 
Augustin, N.H. ; Borchers, D.L. ; Clarke, E.D. ; Buckland, S.T. ; Walsh, M., 1998. Spatiotemporal modelling for the 

annual egg production method of stock assessment using generalized additive models. Can. J. Fish. 
Aquat. Sci., 55 (12) : 2608-2621. 

   Generalized additive models (GAMs) are used to model the spatiotemporal distribution of egg density as a 
function of locational and environmental variables. The main aim of using GAMs is to improve precision of 
egg abundance estimates needed for the annual egg production method. The application of GAMs requires a 
survey design with good coverage in space and time. If the only results available are from less optimal survey 
designs, they can be improved by using historical data for spawning boundaries. The method is applied to 
plankton egg survey data of Atlantic mackerel (Scomber scombrus) in 1995. The GAM-based method 
improves the precision of estimates substantially and is also useful in explaining complex space-time trends 
using environmental variables. 

   Models/ Fish-Eggs/ Fecundity-/ Stock-Assessment/ Temporal-Distribution/ Scomber-Scombrus/ 
Approximation-/ Mathematical-Models. 

Carter, J. ; Finn, J.T., 1999. Moab: a spatially explicit, individual-based expert system for creating animal foraging 
models. Ecological Modelling, 119 (1) : 29-41. 

   We describe the development, structure, and corroboration process of a simulation model of animal behavior 
(MOAB). MOAB can create spatially explicit, individual-based animal foraging models. Users can create or 
replicate heterogeneous landscape patterns, and place resources and individual animals of a given species on 
that landscape to simultaneously simulate the foraging behavior of multiple species. The heuristic rules for 
animal behavior are maintained in a user-modifiable expert system. MOAB can be used to explore hypotheses 
concerning the influence of landscape pattern on animal movement and foraging behavior. A red fox (Vulpes 
vulpes L.) foraging and nest predation model was created to test MOAB's capabilities. Foxes were simulated 
for 30-day periods using both expert system and random movement rules. Home range size, territory 
formation and other measures of movement were compared to data from field studies, the random movement 
simulations, and other available simulation studies. A striped skunk (Mephitis mephitis L.) model also was 
developed. The expert system model proved superior to stochastic in respect to territory formation, general 
movement patterns and home range size, (C) 1999 Published by Elsevier Science B.V. 

   Models/ Expert System/ Individual-Based Modeling/ Geographic Information System/ Red Fox/ Vulpes 
Vulpes/ Striped Skunk/ Mephitis Mephitis/ Behavior Modeling/ Vulpes-Vulpes/ Predation/ Habitat/ Ecology. 

 
Cisneros Mata, M.A. ; Brey, T. ; Jarre Teichman, A. ; Garcia Franco, W. ; Montemayor Lopez, G., 1996. Artificial 

neural networks to forecast biomass of Pacific sardine and its environment. Cienc. Mar., 22 (4) : 427-
442. 

   Original title : Redes de neuronas artificiales para el pronostico de biomasa de sardina del Pacifico y de su 
medio ambiente. 

   We tested the forecasting performance of artificial neural networks (ANNs) using several time series of 
environmental and biotic data pertaining to the California Current (CC) neritic ecosystem. ANNs performed 
well predicting CC monthly 10-m depth temperature up to nine years in advance, using temperature recorded 
at Scripps Institution of Oceanography pier. Annual spawning biomass of Pacific sardine (Sardinops sagax 
caeruleus) was forecasted reasonably well one year in advance using time series of water temperature, wind 
speed cubed, egg and larval abundance, commercial catch, and spawning biomass of northern anchovy 
(Engraulis mordax) and Pacific sardine as predictors. We discuss our results and focus on the philosophy and 
potential problems faced during ANN modelling. 

   Models/ Time-Series-Analysis/ Temporal-Variations/ Prediction-/ Population-Density/ Sardinops-Sagax-
Caerulea/ Engraulis-Mordax/ ISE,-Pacific,-California-Current/ Marine-Fish/ Stock-Assessment/ Tuna-
Fisheries/ Biomass-/ Fishery-Oceanography/ Wind-Speed/ Water-Temperature/ Icthyoplankton-. 

Dagorn, L., 1994. The behavior of tropical tuna. Modelling using the artificial life concept. Rennes- France : Ec.-
Natl.-Sup.-Agron., 250 p. 

   Original title : Le comportement des thons tropicaux modélisé selon les principes de la vie artificielle 
   Thesis (Ing. ENSA). 
   The tuna fishery is of major economic importance. Scientists study the fishery system (fish, environment, 

fishermen, market) in order to propose efficient management tools for fisheries. The present work deals with 
tuna behavior and this research comes from the following paradox: how tuna, with high energetic needs, can 
survive in such poor environments such as the first 200 m (EE2s) of the tropical seas? We decide to choose 
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some tools and concepts from the field of Artificial Life to model the tuna behavior. We have created the 
animat tuna (an animat is an artificial animal) to study the living tuna. Fish migrations and schooling behavior 
have been studied. From sea surface temperatures maps, we succeed in reproducing some movements of the 
tuna population in the Indian Ocean. Using an artificial Neural network, managed by a genetic algorithm, the 
variable temperature shows a new way to study the tuna migrations. We have tried to understand how the 
gregarious behavior could represent an adaptation to the pelagic environment. Two models, one using the 
genetic algorithms and the other using the ideal free distribution theory, give some indications of possible 
adaptations of tuna to their environment. A study on the captures from the French tuna fleet in the Indian 
Ocean illustrates the relationships between the fish size and the school size (in number of individuals). A new 
definition of the optimal school size is advanced, with the maximization of the social benefits and the 
equilibrium of the energetic budget of the individuals. A coherent model of the adaptation of tuna is presented 
using the principle of swarm intelligence. Using realistic rules, without any decision process, the model 
generates a tuna school organization in relation with an optimal exploitation of food resources. Some 
hypothesis and knowledge about the relationships between tuna and environmental anomalies detected in 
their sensory field, even those not associated with strong enrichment processes (floating objects, sea-mounts, 
...), are reviewed. All these models give representations of tuna performances or new theories on their 
adaptation. But they only constitute a part of the functional study of the tuna behavior. Some 
experimentations are then proposed. 

   Models/ Tuna-Fisheries/ Marine-Fish/ Feeding-Behavior/ Schooling-Behavior/ Migrations-/ Food-
Availability/ Adaptation/ Pelagic-Environment/ ISW,-Indian-Ocean/ Modelling-/ Thunnidae-/ Optimal-
Foraging-Theory/ Animat-/ Artificial-Life.  

Dagorn, L. ; Petit, M. ; Stretta, J.M., 1997. Simulation of large-scale tropical tuna movements in relation with daily 
remote sensing data : the artificial life approach. Biosystems,  44 (3) : 167-180. 

   Tunas are known to be able to travel long distances. The aim of this paper is to propose new ethological 
models which reproduce some tuna movements using the dynamics of their environment. We use sea surface 
temperature animations (from remote sensing data) to model the South West Indian Ocean, and French purse 
seiners data are used to estimate movements of fish. The objective of the models will be to find a northern 
movement from the Mozambique Channel to the Seychelles Islands at the appropriate time (May-July). The 
initial model uses our ecological knowledge of tunas, i.e. the search behavior for high concentrations of food 
commonly associated with thermal fronts. In some cases, this simple model creates some northern movements 
from the Mozambique Channel, but it cannot be used to reproduce large-scale movements between the 
Mozambique Channel and the Seychelles Islands. The next generation model is created where tuna behaviors 
are modeled by an artificial neural network, using a genetic algorithm to adjust the connection weights. The 
tuna school-network receives daily information from its local environment and chooses the best actions in 
order to be able to pass from the Mozambique Channel to the Seychelles Islands at the appropriate time. One 
neural network emerges and represents an adaptive behavior able to interpret daily sea surface temperatures to 
mimic large-scale tuna movements. This artificial behavior can be generalized to each possible departure 
position from the Mozambique Channel. This modelling represents a new tool to study large-scale 
movements of pelagic fish, and is a first step towards real-time management of fisheries. (C) 1997 Elsevier 
Science Ireland Ltd. 

   Models/ Tuna/ Migrations/ Oceanic Environment/ Satellite Sea Surface Temperature/ Artificial Life/ Artificial 
Neural Networks/ Genetic Algorithms/ Fish/ Aggregation/ Habitat/ Models. 

Daskalov, G., 1999. Relating fish recruitment to stock biomass and physical environment in the black sea using 
generalized additive models. Fisheries Research, 41 (1) : 1-23. 

   Relationships between recruitment, parental stock biomass and physical environment variables in four Black 
Sea species: sprat Sprattus sprattus, whiting Merlangius merlangus, anchovy Engraulis encrasicolus and horse 
mackerel Trachurus mediterraneus, were investigated using generalized additive models (GAMs). Sea surface 
temperature, wind speed, wind stress, wind mixing, sea level atmospheric pressure and river run-off data were 
used as indices of interannual variability of the Black Sea environment. The environmental variables were 
studied by means of the principal component analysis, which tended to account for the major patterns in the 
time series and approximate the main environmental forcing agents in the sea. Recruitment responses to the 
considered environmental predictors in the four cases were compared and possible interpretations were 
discussed. Significant correlations appear between fish recruitment, stock biomass and physical environment. 
Patterns of the recruitment response to wind variables and sea level atmospheric pressure were found similar 
in the four species. The relationships indicated similarities between anchovy and whiting, whose reproduction 
is related to the coastal habitat on the one hand, and between sprat and horse mackerel, which are open sea 
spawners on the other hand. Recruitment in the latter species appeared to be less dependant on the parental 
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stock biomass and the river discharge and was negatively related with SST. GAM was found to be a suitable 
tool for fisheries and environmental data analysis, providing a flexible and powerful way to explore and 
model non-linear relationships. (C) 1999 Elsevier Science B.V. All rights reserved. 

   Models/ Stock-Recruitment/ Physical Environment/ Generalized Additive Models/ Sprattus Sprattus/ 
Merlangius Merlangus/ Engraulis Encrasicolus/ Trachurus Mediterraneus/ Black Sea/ Circulation/ Trends/ 
Rates/ Wind. 

Fahse, L. ; Wissel, C. ; Grimm, V., 1998. Reconciling classical and individual-based approaches in theoretical 
population ecology : a protocol for extracting population parameters from individual-based models. 
American Naturalist, 152 (6) : 838-852. 

   The two main approaches in theoretical population ecology-the classical approach using differential equations 
and the approach using individual-based modeling-seem to be incompatible. Linked to these two approaches 
are two different timescales: population dynamics and behavior or physiology. Thus, the question of the 
relationship between classical and individual-based approaches is related to the question of the mutual 
relationship between processes on the population and the behavioral timescales. We present a simple protocol 
that allows the two different approaches to be reconciled by making explicit use of the fact that processes 
operating on two different timescales can be treated separately. Using an individual-based model of nomadic 
birds as an example, we extract the population growth rate by deactivating all demographic processes-in other 
words, the individuals behave but do not age, die, or reproduce. The growth rate closely matches the logistic 
growth rate for a wide range of parameters. The implications of this result and the conditions for applying the 
protocol to other individual-based models are discussed. Since in physics the technique of separating 
timescales is linked to some concepts of self-organization, we believe that the protocol will also help to 
develop concepts of self-organization in ecology. 

   Models/ Timescales/ Individual-Based Model/ Growth Rate/ Logistic Equation/ Self-Organization/ Nomadic 
Birds/ Foraging Behavior/ Dynamics/ Difference. 

Giske, J. ; Huse, G. ; Fiksen, O., 1998. Modelling Spatial Dynamics of Fish . Reviews in Fish Biology and Fisheries, 8 
(4) : 57-91. 

   Our ability to model spatial distributions of fish populations is reviewed by describing the available modelling 
tools. Ultimate models of the individual's motivation for behavioural decisions are derived from evolutionary 
ecology. Mechanistic models for how fish sense and may respond to their surroundings are presented for 
vision, olfaction, hearing, the lateral line and other sensory organs. Models for learning and memory are 
presented, based both upon evolutionary optimization premises and upon neurological information processing 
and decision making. Functional tools for modelling behaviour and life histories can be categorized as 
belonging to an optimization or an adaptation approach. Among optimization tools, optimal foraging theory, 
life history theory, ideal free distribution, game theory and stochastic dynamic programming are presented. 
Among adaptation tools, genetic algorithms and the combination with artificial neural networks are described. 
The review advocates the combination of evolutionary and neurological approaches to modelling spatial 
dynamics of fish.  

   Models/ Adaptation/ Artificial Neural Networks/ Fish/ Game Theory/ Genetic Algorithms/ Hearing/ Ideal 
Free Distribution/ Migration/ Olfaction/ Optimal Foraging Theory/ Optimization/ Sensory Organs/ Spatial 
Modelling/ Stochasticdynamic/ Programming. 

Haralabous, J. ; Georgakarakos, S., 1996. Artificial neural networks as a tool for species identification of fish 
schools. In  Simmonds, E.J. ; Maclennan, D.N., eds. : Fisheries and Plankton Acoustics: Proceedings of 
an ICES International Symposium held in Aberdeen-Scotland, 12-16 June 1995.   London UK,  
Academic Press, ICES J. Mar. Sci.  53 (2),  pp. 173-180. 

   Fish schools of sardine (Sardina pilchardus), anchovy (Engraulis encrasicolus), and horse mackerel 
(Trachurus trachurus) can be discriminated from each other, under given conditions, using a set of parameters 
extracted from echointegration data. Trawl sampling and hydroacoustic data were collected in 1992 and 1993 
in the Thermaikos Gulf by using a towed dual-beam 120 kHz transducer. The parameters extracted from the 
available schools were used to train multi-layered feed-forward artificial neural networks. Various applied 
networks easily generated associations between school descriptors and species identity, providing a powerful 
tool for classification. The expertise of the trained network was tested with data from identified schools not 
used in training. The use of neutral networks cannot replace classical statistical procedures, but offers an 
alternative when there are significant overlaps in the school characteristics and the parametric assumptions are 
not satisfied. 

   Models/ Fish-Detection/ Marine-Fish/ Echo-Surveys/ Schooling-Behavior/ Artificial-Intelligence/ Sardina-
Pilchardus/ Engraulis-Encrasicolus/ Trachurus-Trachurus/ MED,-Greece,-Thermaikos-Gulf/ Identification-. 
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Hilborn, R. ; Liermann, M., 1998. Standing on the shoulders of giants: learning from experience in fisheries. Reviews 
in Fish Biology and Fisheries, 8 (3) : 273-283. 

   Progress in any field depends primarily on our ability to synthesize previous experience to stand on the 
shoulders of the giants who have worked before us. In fisheries management we have learned a great deal 
from past experience, but we have also failed to do so. Most stock assessments use no quantitative 
information derived from previous experience on other fish stocks, and often fix parameter values at some 
'best' estimates rather than admit uncertainty in their value, Meta-analysis provides a method to admit the 
uncertainty in most model parameters while using experience from other populations to provide an estimate 
of the distribution of the parameter. We demonstrate the application of meta-analysis for the intensity of 
depensation in spawner-recruit relationships in two species of Pacific salmon, and we discuss the potential of, 
and limitations to, meta-analysis in fisheries stock assessment. 

   Models/ Bayesian Methods/ Depensation/ Learning/ Meta-Analysis/ Population Dynamics/ Stock Assessment. 
Jacobson, L.D. ; MacCall, A.D., 1995. Stock-recruitment models for Pacific sardine (Sardinops sagax). Can. J. Fish. 

Aquat. Sci.  52 (3) : 566-577. 
   Generalized additive models were used to study the recruitment of Pacific sardine (Sardinops sagax) along 

western North America and to compare the effects of fishing and environmental factors on the stock. 
Significant relationships were found between the logarithm of sardine reproductive success (recruits per unit 
of spawning biomass) and average sea surface temperature (SST), as well as between sardine recruitment, 
spawning biomass, and average SST. Simulation and time series analyses were used to evaluate bias, 
variance, and statistical power for one of our models. Correlation with log reproductive success was highest 
when average SST data included temperatures after the period of larval development, indicating that 
recruitment estimates were affected by environmentally driven changes in availability of older sardine to the 
fishery. 

   Models/ Recruitment-/ Mathematical-Models/ Clupeoid-Fisheries/ Environmental-Factors/ Surface-
Temperature/ Sardinops-Sagax/ Stock-Assessment/ Fishing-Effort/ INE,-North-America/ Fishery-
Oceanography. 

Kashiwai, M., 1995. Change in distribution of favourable water temperatures and migration of Japanese sardine 
(Sardinops melanostictus). In Beamish, R.J., ed. : Climate change and northern fish populations. Conf., 
Victoria-Canada, 19-24 Oct 1992. Ottawa-Canada,  National Research Counc. of Canada, Can.  Spec. 
Publ. Fish. Aquat. Sci., n° 121, pp. 675-686.  

   Models/ Climatic-Changes/ Temperature-Effects/ Fish-Catch-Statistics/ Migrations-/ Pelagic-Environment/ 
Sardinops-Melanosticta/ INW,-Japan/ Clupeoid-Fisheries/ Fishery-Oceanography/ Temperature-
Preferences/ Indicator-Species/ Water-Temperature/ Ecological-Distribution/ Japan-. 

Kinas, P.G., 1996. Bayesian fishery stock assessment and decision making using adaptive importance sampling. Can. 
J. Fish. Aquat. Sci., 53 (2) : 414-423. 

   Bayesian posterior distributions of multidimensional parameters of a surplus-production model are obtained 
by adaptive importance sampling (AIS) and sampling - importance - resampling (SIR). The main contribution 
of this work is the proposed combined use of both procedures(AIS-SIR) resulting in a stochastic simulation 
procedure that combines the virtues of a good importance function with the simplicity of the Sir algorithm, 
After describing the methods, Bayesian descision analysis is performed for orange roughy (Hoplostethus 
atlanticus). showing a good performance of the AIS-SIR procedure. 

   Models/ Stock-Assessment/ Fishery-Management/ Mathematical-Models/ Algorithms-/ Hoplostethus-
Atlanticus. 

Laloe, F. ; Pech, N. ; Sabatier, R. ; Samba, A., 1998. Model identification for flexible multifleet - multispecies 
fisheries : a simulation study. Fish. Res., 37 : 193-202. 

   In multifleet-multispecies fisheries exploitation, fishing units of some fleets may choose between different 
fishing tactics targeting different species combinations. Such fishing units may be very important for different 
reasons, and must be accounted for in global frameworks. Such a framework was built in order to 
qualitatively represent the main features of the Senegalese artisanal fishery. Simulations may be carried out 
with output comparable to available data, so that the parameters of  the model may be estimated using a least 
squares criterion. One of the sources of uncertainty comes from a lack of knowledge of both the real 
dynamics of the fishing strategies and the dynamics of the harvested populations. We show, with a simple 
simulated fishery, that very different models may fit classical catch effort data, and that the assumptions made 
on the 'biological' and on the 'socio-economical' aspects of the fishery are very closely linked. We also show 
some of the consequences of the choice of a model in terms of prediction of results for economical and 
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biological aspects. 
   Models/ Population Dynamics/ Multispecies Fisheries/ Catch Effort. 
Liermann, M. ; Hilborn, R., 1997. Depensation in fish stocks: a hierarchic bayesian meta-analysis. Can. J. Fish. 

Aquat. Sci., 54 (9) : 1976-1984. 
   The probability of different levels of depensation within four taxonomic groups was calculated using a 

Bayesian technique called hierarchical modeling. With this method we combined spawner-recruit data from 
many stocks within a taxon to estimate the distribution describing the variability of depensation within that 
taxon. The spawner-recruit model we use allows for both depensation (lower than expected recruits at low 
population levels) and hypercompensation (where recruits are higher than expected at low population levels). 
The end product of our analysis is a probability distribution that can be used as a Bayesian prior when 
analyzing a new data set. We examined four taxonomic groups (the salmonids, gadiforms, clupeiforms and 
pleuronectiforms) and found that, for all of the taxa, the most likely values fell close to or within the range of 
no depensation. However, because the distributions were very broad we suggest that analysis of stock 
recruitment data should incorporate spawner-recruit curves that include the possibility of depensation and 
hypercompensation. 

   Models/ Salmon. 
Lo, N.C.H. ; Smith, P.E. ; Butler, J.L., 1995. Population growth of northern anchovy and Pacific sardine using stage-

specific matrix models. Mar. Ecol. Prog. Ser., 127 (1-3) : 15-26. 
   We applied a stage-specific population matrix, the Lefkovitch matrix, to the northern anchovy Engraulis 

mordax and the Pacific sardine Sardinops sagax to determine which vital rates in the life history have the 
most effect on population growth. Three vital rates considered are the daily stage-specific instantaneous 
mortality rate, stage duration and daily age-specific fecundity per female. The models incorporate variability 
in growth rates among individuals and link simpler stage-based and more complicated individual-based 
modeling approaches. The elasticity of population growth rate for anchovy (percentage change from a 1% 
change of a vital rate) was greatest for mortality in yolk-sac larvae, fecundity of 2 yr old fish (111 to 135 
mm), and stage duration in late larvae (11 to 35 mm). For sardine, elasticity was greatest for mortality in life 
stages of egg and yolk-sac larvae, fecundity of 5 and 6 yr old fish (211 to 250 mm), and stage duration in the 
early larvae (5 to 10 mm). When stage duration was variable, elasticity was 1/10 as large as when stage 
duration was constant, indicating that sensitivity of populations to changes in vital rates is reduced by 
variation in growth rates. Population growth rates for both species increased with variance in individual 
growth rates. Thus, a population with individuals that grow at varying rates is more likely to increase. Our 
models indicate that growth rates are important determinants of population growth and recruitment and it is 
likely that growth and mortality rates are linked. We suggest, therefore, that inexpensive estimates of larval 
growth rates could be used to help forecast future recruitment. 

   Models/ Recruitment-/ Mathematical-Models/ Growth-/ Pelagic-Environment/ Total-Mortality/ Fish-Larvae/ 
Fish-Eggs/ Population-Number/ Sardinops-Sagax/ Engraulis-Mordax/ INE,-Pacific/ Marine-Fish/ Clupeoid-
Fisheries/ Fishery-Biology. 

Mackinson, S. ; Vasconcellos, M. ; Newlands, N., 1999. A new approach to the analysis of stock-recruitment 
relationships: "model-free estimation" using fuzzy logic. Can. J. Fish. Aquat. Sci., 56 (4) : 686-699. 

   In response to the need for overt recognition of uncertainty in management of natural resources, we present a 
new, innovative, causal approach for analysis of stock-recruitment relationships and prediction of recruitment. 
Applying principles and techniques developed from the theory of fuzzy sets, we demonstrate how heuristic 
reasoning can be used to define stock-recruitment relationships, explicitly characterise vagueness and 
uncertainty, and provide a functional relationship that combines stock size and past recruitment to predict 
future recruitment. The approach is termed model-free estimation or approximation. Tested on eight stock-
recruitment data sets, there was no significant difference between recruitment predicted by the fuzzy 
approximation method and the Ricker or Beverton-Holt recruitment functions. We account for effects of 
nonstationarity by incorporating rules that relate past recruitment to future recruitment in the fuzzy stock-
recruitment system. A weighting factor, w, represents the degree of belief in the importance of past 
recruitment and stock size in predicting future recruitment. The approach is robust with respect to the number 
of fuzzy sets used to define data clusters, can be tailored to individual circumstances, and thrives in data-poor 
situations where analytical methods may be inappropriate. It is a simple and broadly applicable solution with 
important implications for fish stock assessment and fisheries management in general. 

   Models/ Fisheries/ Age/ Probability/ Sardine. 
Maravelias, C.D., 1999. Habitat selection and clustering of a pelagic fish : effects of topography and bathymetry on 

species dynamics. Can. J. Fish. Aquat. Sci., 56 (3) : 437-450. 
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   Two dynamic aspects of the ecology of pelagic fish, distribution and abundance, have been linked to 
topographic, bathymetric, and biotic factors. The two-stage generalized additive modelling (GAM) approach 
undertaken in the present study offered biological interpretations of presence/absence of a pelagic fish species 
as distinguished from abundance (if present) in relation to various abiotic and biotic factors. The data were 
collected during the ICES coordinated Atlantic herring (Clupea harengus) acoustic surveys (ICES Division 
Na) of July 1992, 1994, and 1995 in the northern North Sea. The depth of the water column, the seabed 
substrate, and zooplankton biomass appeared to be significant factors modulating presence and relative 
abundance of a pelagic species within the northern North Sea. Results indicated that habitats with the higher 
probability of finding herring present were those located in shallower waters having a gravel/sand type of 
seabed that also carried the highest zooplankton abundances. Species clustering was found to be preferentially 
higher in these habitats. Notwithstanding their pelagic nature, herring exhibit preferences for areas with 
specific bathymetric, substratum, and zooplanktonic conditions. These preferences are believed to be linked 
to the oceanography of the North Sea ecosystem. 

   Models/ Generalized Additive-Models/ North-Sea/ Spatial-Analysis/ Egg-Production. 
Maravelias, C.D. ; Reid, D.G., 1997. Identifying the effects of oceanographic features and zooplankton on 

prespawning herring abundance using generalized additive models. Mar. Ecol. Prog. Ser., 147 (1-3) : 1-
9. 

   Spatial distribution patterns of prespawning herring (Clupea harengus)were analyzed in relation to 
zooplankton biomass, sea-surface temperature and salinity, temperature and depth of the thermocline (fronts) 
and the temperature difference between surface and bottom water. Data were collected in mid-summer 1995 
during the ICES coordinated herring acoustic survey of the ICES Division IVa. We used generalized additive 
models (GAMs), nonparametric generalization of multiple linear regression, to test the hypothesis that 
prespawning herring distribution is related to zooplankton availability and the oceanography around the 
Shetland Islands (UK), with particular reference to inflows from the Slope Current. The results of this study 
supported this hypothesis. We found that zooplankton biomass and the location of ocean fronts influence the 
distribution of prespawning herring. Mean herring abundance was consistently highest in areas having a 
surface salinity of 35.1 ppt and where the zooplankton abundances were higher. Results indicated that herring 
appeared to prefer the well-mixed waters and transition zones and avoided the stratified and frontal areas. The 
present results also suggested that prespawning aggregations of herring followed the movements of 
zooplankton to deeper and cooler waters beneath the thermocline during summer. Waters with specific 
salinity and temperature properties are attractive to herring due to the process of frontal mixing which 
enhances primary and secondary production. These waters are ultimately linked with the Slope Current which 
is responsible for the advection of warm, nutrient-rich, saline water into the North Sea ecosystem. 

   Models/ Data-Collections/ Spawning-Seasons/ Regression-Analysis/ Water-Mixing. 
Mastrorillo, S. ; Lek, S. ; Dauba, F. ; Belaud, A., 1997. The use of artificial neural networks to predict the presence 

of small-bodied fish in a river. Freshwater Biology, 38 (2) : 237-246. 
   Discriminant factorial analysis (DFA) and artificial neural networks (ANN) were used to develop models of 

presence/absence for three species of small-bodied fish (minnow, Phoxinus phoxinus, gudgeon, Gobio gobio, 
and stone leach, Barbatula barbatula). 2. Fish and ten environmental variables were sampled using point 
abundance sampling by electrofishing in the Ariege River (France) at 464 sampling points. 3. Using DFA, the 
percentage of correct assignments, expressed as the percentage of individuals correctly classified over the 
total number of examined individuals, was 62.5% for stone leach, 66.6% for gudgeon and 78% for minnow. 
With back-propagation of ANN, the recognition performance obtained after 500 iterations was: 82.1% for 
stone leach, 87.7% for gudgeon and 90.1% for minnow. 4. The better predictive performance of the artificial 
neural networks holds promise for other situations with non-linearly related variables. 

   Models/ Interspecific Competition/ Mountain Streams/ Abundance/ Trout/ Ecology/ Models/ Classification/ 
Habitat. 

Mcallister, M.K. ; Ianelli, J.N., 1997. Bayesian stock assessment using catch-age data and the sampling - importance 
resampling algorithm. Can. J. Fish. Aquat. Sci., 54 (2) : 284-300. 

   A Bayesian approach to fisheries stock assessment is desirable because it yields a probability density function 
(pdf) of population model parameters. This pdf can help to provide advice to fishery managers about the 
consequences of alternative harvest policies and convey uncertainty about quantities of interest such as 
population biomass. In stock assessment, catch-age data are commonly used to estimate population 
parameters. However, there are few catch-age analyses that use Bayesian methods. In this paper, we extend 
the sampling - importance resampling algorithm so that a pdf of population model parameters can be 
estimated using catch-age data and indices of relative abundance. We illustrate the procedure by estimating a 
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54-parameter pdf for yellowfin sole (Limanda aspera) in the eastern Bering Sea. The example demonstrates 
how catch-age data can markedly improve Bayesian estimation, and also illustrates the potential for 
significant biases in treating trawl survey abundance indices as absolute measures of stock size. 

   Models/ Posterior Distributions/ Inference/ Parameters/ Fisheries. 
McAllister, M.K. ; Pikitch, E.K. ; Punt, A.E. ; Hilborn, R., 1994. A Beyesian approach to stock assessment and 

harvest decisions using the sampling importance resampling algorithm. 123. Annu. Symp. American 
Fisheries Soc., Portland, Or. USA, 1 Sep 1993. Can. J. Fish. Aquat. Sci., 51 (12) : 2673-2687. 

   Scientific advice to fishery managers needs to be expressed in probabilistic terms to convey uncertainty about 
the consequences of alternative harvesting policies (policy performance indices). In most Bayesian 
approaches to such advice, relatively few of the model parameters used can be treated as uncertain, and 
deterministic assumptions about population dynamics are required; this can bias the degree of certainty and 
estimates of policy performance indices. The authors reformulate a Bayesian approach that uses the 
sampling/importance resampling algorithm to improve estimates of policy performance indices; it extends the 
number of parameters that can be treated as uncertain, does not require deterministic assumptions about 
population dynamics, and can use any of the types of fishery assessment models and data. Application of the 
approach to New Zealand's western stock of hoki (Macruronus novaezelandiae) shows that the use of 
Bayesian prior information for parameters such as the constant of proportionality for acoustic survey 
abundance indices can enhance management advice by reducing uncertainty in current stock size estimates; it 
also suggests that assuming historic recruitment is deterministic can create large negative biases (e.g., 26%) in 
estimates of biological and economic risks of alternative harvesting policies and that a stochastic recruitment 
assumption can be more appropriate. 

   Models/ Fishery-Management/ Stock-Assessment/ Harvesting-/ Parameters-/ Fishery-Data/ Mathematical-
Models/ Macruronus-Novaezelandiae/ ISE,-New-Zealand/ Marine-Fisheries. 

Newman, K., 1997. Bayesian averaging of generalized linear models for passive integrated transponder tag 
recoveries from salmonids in the Snake River. N. Am. J. Fish. Manage, 17 (2) :  362-377. 

   Bayesian methods provide a means of explicitly accounting for uncertainty in the choice of model used to 
interpret fisheries data. The probability of a given model being the correct model conditional on the data, the 
posterior probability, is a measure of the degree of belief and strength of evidence for the model. Bayesian 
model averaging uses these posterior probabilities to make weighted inferences, thus providing a solution to 
the problem of selecting a single model from a group of models that seem nearly equivalent by conventional 
statistical criteria. The approach is applied to a generalized linear model analysis of survival for juvenile and 
mature adult spring chinook salmon Oncorhynchus tshawytscha and steelhead Oncorhynchus mykiss from the 
Snake River. The fish, tagged as juveniles with passive integrated transponders (PIT), outmigrated from 
freshwater habitat to the ocean during 1989-1991, and include some of the first PIT tag recoveries of adult 
fish. Covariates used to model survival were year of outmigration, rearing type (hatchery or wild), and 
distance upstream at time of release. The Bayesian approach sometimes yielded simpler models than those 
selected with Akaike's information criterion, and averaging models by their posterior probabilities smoothed 
out differences between models in estimated survival rates. All three covariates were important in modeling 
juvenile survival of spring chinook salmon and steelhead, but not in modeling adult survival (for fish detected 
as juveniles). For spring chinook salmon, the adult survival rates were a function of rearing type alone, and 
wild fish had survival rates over seven times higher than hatchery fish. In contrast, juvenile survival rates, as 
measured from time of tagging to time of detection at a downstream dam, for spring chinook salmon were 
higher for the hatchery fish than the wild fish, but this is largely because wild fish were tagged in the fall 
preceeding the spring of emigration and hatchery fish were tagged during that spring. For steelhead, none of 
the factors had a significant effect on adult survival rates. The failure to identify factors affecting adult 
survival rates may be because too few fish were tagged and adult recovery rates were low. It will be necessary 
to increase the number of fish tagged and released if managers want to more precisely measure and compare 
the relative strengths of effects of such factors on survival to the adult stage. Many outmigrating juvenile 
salmonids are captured at upstream dams and barged beyond downstream dams. Assuming that most of the 
juvenile salmonids detected at upstream dams were barged and that those undetected were not barged, the 
effect of barging on adult survival rates was estimated as a function of juvenile detection rates. For example, 
if the juvenile detection rate is 60%, spring chinook salmon adult survival is estimated to be 2.7 times greater 
for barged fish and 22.1 times greater for steelhead. 

   Models/ Biotelemetry-/ Sonic-Tags/ Survival-/ Population-Dynamics/ Cultured-Organisms/ Natural-
Populations/ Fishery-Management/ Tags-/ Migrations-/ Migration-/ Oncorhynchus-Mykiss/ Oncorhynchus-
Tshawytscha/ USA,-Washington,-Snake-R. 
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Ohnishi, S. ; Matsumiya, Y. ; Harada, Y., 1993. Bayesian cohort models for fisheries population dynamics. Bull. Fac. 
Bioresour. Mie Univ., 9 : 49-53. 

   Original title: Beizugata kohoto moderu no suisanshigenkaiseki eno oyo. 
   This paper continues with investigation of the applicability of the Bayesian cohort model for fisheries 

population dynamics. A Bayesian cohort model is proposed to resolve the identification problem using the 
standard cohort analysis by Nakamura (1986). A Bayesian information criterion, ABIC, is introduced for 
selection of the optimal model. The catch equation needs some corrections and the estimating process is 
explained. The practical utility of the proposed models is demonstrated by analyzing the hypothetical data set 
and the actual fisheries data for mackerel. 

   Models/ Population-Dynamics/ Mathematical-Models/ Fishery-Resources/ Mackerel-Fisheries/ Bayesian-
Cohort-Model. 

Turek, S.M. ; Brett, M.T., 1997. Comment : Trout mortality from baited barbed and barbless hooks. N. Am. J. Fish. 
Manage., 17 (3) : 807. 

   In a meta-analysis of the literature on hooking mortality of trout in streams, Taylor and White (1992) 
quantitatively summarized mortality rates associated with different gear types. In general, their analysis was 
well founded and made a very useful contribution to the sport fisheries literature. However, we believe the 
study contains a flaw that has important management implications. The large difference in trout mortality 
between barbed and barbless hooking shown by Taylor and White's meta-analysis thus obscures the small 
difference in mortality shown by the only study in which these hook types were directly compared. The most 
logical conclusion that can be drawn from these data is that mortality from bait fishing will not be markedly 
reduced by the use of barbless hooks. This important result should be clarified for managers of sport fisheries. 

   Models/ Mortality-Causes/ Hooks-/ Fishing-Gear/ Angling-/ Bait-/ Sport-Fishing/ Fishery-Management/ 
Hooking-Mortality/ Catch-And-Release-Fishing. 

Wade, P.R., 1999. A comparison of statistical methods for fitting population models to data. In  Marine Mammal 
Survey and Assessment Methods, pp. 249-270. 

   A comparison was made of 3 statistical methods for fitting population models to abundance data: (1) 
Neyman-Pearson (frequentist), (2) Bayesian, and (3) Likelihood. Each school of statistical inference was 
briefly described, along with a description of the most common techniques used in each school for estimating 
the parameters of complex models, such as in fitting population models to abundance data. An example of 
each type of inference was shown by using the same data to estimate the depletion level of a population of 
spotted dolphins. The 3 specific techniques used were maximum likelihood estimation with a non-parametric 
bootstrap, approximation of the Bayesian posterior distribution using the sampling-importance-resampling 
numerical integration routine, and profile likelihood to represent likelihood inference for the parameter of 
interest. Point estimates from each technique were similar, but intervals varied substantially. Strengths and 
weaknesses of each approach were illustrated through the example. 

   Models/ Bayesian/ Bootstrap/ Estimation/ Likelihood/ Neyman-Pearson/ Numerical Integration/ Population 
Model/ Profile Likelihood/ Statistical Inference/ Importance Resampling Algorithm/ Bayesian-Approach/ 
Stock Assessment/ Parameters/ Dolphin/ Fisheries/ Stenella/ IE, Tropical Pacific. 

Welch, D.W. ; Chigirinsky, A.I. ; Ishida, Y., 1995. Upper thermal limits on the oceanic distribution of Pacific salmon 
(Oncorhynchus spp.) in the spring. Can. J. Fish. Aquat. Sci.,  52 (3) : 489-503. 

   Pacific salmon (Oncorhynchus spp.) are normally thought to be distributed throughout the Subarctic Pacific, 
an area where they form the dominant fish fauna. A series was used of generalized additive models to show 
that salmon exhibit a sharp step-function response to temperature in the oceanic eastern North Pacific in 
spring. The critical temperature defining the southern boundary varied by species: 10.4 degree C for pink and 
chum salmon, 9.4 degree C for coho salmon, and 8.9 degree C for sockeye salmon. These thermal limits 
occur well to the north of the southern boundary of the Transition Zone, at widely separated geographic 
positions within the Subarctic Domain, and at temperatures much lower than the lethal upper limit for each 
species. The sharp decline in abundance with temperature, and the remarkably low temperatures at which the 
response occurs, suggests that thermal barriers form an effective limit to the offshore distribution of salmon in 
spring, and can limit the distribution of Pacific salmon to a relatively small area of the Subarctic Pacific. 

   Models/ Ecological-Distribution/ Temperature-Tolerance/ Distribution-Records/ Spring-/ Abundance-/ 
Population-Dynamics/ Oncorhynchus-/ INE,-North-Pacific/ Anadromous-Species. 

 


