
Variation in the Competitive Abi ities of Fishermen and its 
on the Spatia Distribution of the British Co 

M. V. Abraharns' and M. C. Healey 
Department of Fisheries and Oceans, Fisheries Research Branch, Pacific Biological Station, Nanaimo, B. C. V9R 5K6 Canada 

Abrahams, M. V., and M. C. Healey. 4990. Variation in the competitive abilities of fishermen and its influence 
on the spatial distribution of the British Columbia salmon $8016 fleet. Can. J. Fish. Aquat. Sci. 47: 1 14 6- 
1121. 

We estimated the catch rates of individual fishing vessels within the British Columbia salmon troll fleet from the 
data of a 7-yr log book program. Catch rates varied considerably among vessels. A portion of the variation esuld 
be attributed to environmental variation. However, there were also significant differences in competitive ability 
among vessels. 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 sf 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 a l l~wing vessel dis- 
tributions to be used as a tool for assessing fish stocks. 

Nous avons evalu6 ies taux de capture de chaque navire de la flotte de peche A la ligne trainante au saumsn en 
Colombie-Britannique A partir des donnks recueillies dans le cadre d'un programme de lev6 de sept ans. Les 
taux de capture variaient considkrablernent entre les divers navires. Une partie de ces variations wurrait &re 
attribu6e aux variations du milieu. Toutefois, sn a 6galernent not4 d'importantes differences dans la capacit4 
concurrentie8 le des ssavires. Le taux de capture des mei llekers navires etait 3.6 foe's plus &lev4 que celui des navires 
en bas de liste. L'effort de p$che des premiers ktait reparti sur une plus vaste supedicie que les seconds et leurs 
captures etaient kgalernent plus importantes lorsqu'ils pGchaient dans les mikes wcteurs. En appliquant la theorie 
de la distribution libre idkale, ces renseignements peuvent servir 3. mettre au point un rnodgle pour decrit-e le 
rapport pr6vu entre la distribution des navires, leurs taux de capture, et la distribution des poissons, et perrnettre 
4ventuellement d'evaluer les stocks de poissons 2 partir de la distribution des navires. 
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tudies on the fleet dynamics of commercial fishing vessels 
have traditionally viewed the problem from a population 
perspective. Typically, questions of interest include fac- 

tors which affect the size of (or investment in) the fleet, such 
as changes in the abundance of prey species and their economic 
value (Botsford et al. 1983; Gatto et al. 1975; Charles 1983). 
Recently, there has been growing interest in examining strate- 
gies adopted by fleets for exploiting their resource. These 
include strategies used for finding fish (Mangel 1982; Mangel 
and Clark 1983), and movement patterns of fishing vessels (Hil- 
born and Ledbetter 1979). Few studies have considered the eon- 
sequences of variation in catch rate on the spatial distribution 
of the fleet (but see Hilbom md Ledbetter 1979). This study is 
a detailed examination of the catch rates of a g s u p  sf trollers 
and the consequences of catch rates on the spatial distribution 
of the west coast troll feet though an application of the ideal 
free distribution theory (IFD). 

Fretwell and Eucas (1970) and Fretwell (1972) introduced 
the WD as a theoretical model to explain the distribution of 
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animals with respect t s  their resources. For animals to distribute 
themselves in accordmce with an IFD, they must satisfy two 
assumptions. First, all animals must have perfect infomation 
about the distribution of resources in their environment (i.e. 
they are ideal). Second, all individuals should be equal in their 
competitive abilities such that they have 'free' access to 
resources anywhere in their environment. When animals con- 
form to these assumptions, they will distribute themselves so 
that they all receive equal mounts sf the resource, regardless 
of where they occur. 

Fretwell (1972) recognized that these assumptisns were 
unlikely to be true. However, deviations from this model can 
identify factors important in determining the spatial distribution 
of animals. Recently, a number of studies have examined the 
spatial distribution of predators with respect to their prey (see 
Pabrahams 1986 for a review). In the majority of these studies, 
predators tended to overuse poor patches (areas with a below- 
average proportion sf resources) and undemse good patches 
(areas with an above-average proportion of resources). In many 
eases, the authors of these papers argued that their animals were 
not all of equal competitive ability and that this was the most 
likely reason heir results did not comfom exactly to an IFD. 
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Proportion of Prey 
FIG. 1 .  Expected distribution of predators with respect to their prey as 
the range s f  competitive abilities changes (ratio of the best competitor 
to the worst competitor). Numbers on each line represent the ratio sf 
competitive abilities. (From Houston and McNarnafa 1988). 

Parker and Sutherland (1986) and Sutherland and Parker 
(1985) suggested that when animals differ in competitive abil- 
ity, the sum of competitive abilities rather than the animals 
themselves will be distributed in accordance with an %FD. There 
are a number of numerical distributions sf animals relative to 
heir resources that will satisfy Barker and Sutherland's model, 
but Houston and McNamara (1988) have demonstrated that 
overuse of poor patches is statistically the most likely distri- 
bution. Furthemore, increasing the difference in competitive 
abilities, or the number of competitors, or both will increase 
the magnitude of this effect (Houston and McNamara 1988, 
Fig. 1). 

Fishemen are faced with a patch choice problem in their 
search for fish. Although the ocean appears to be a homogenous 
environment (at least at the surface), fish are known to aggre- 
gate in particular areas. For salmon trollers, aggregations of 
salmon are typically found in upwelling areas associated with 
steep slopes on the continental shelf and, thus, are identifiable 
from navigational charts (Healey et al. 1990). 

That trollers recognize and focus on patches of salmon is 
evident from the spatial distribution of the troll fleet off the west 
coast of Vmcouver IsHmd (Fig. 2). In this paper we examine 
characteristics of trollers to determine the extent to which they 
deviate from the assumption of equal competitive ability. This 
infomation can then be used to describe the extent to which 
the troll fleet should deviate from an IFB and thus the predicted 
distribution of the troll fleet relative to the distribution of fish. 

Characteristics sf  Troll Vessels in the Salmon Fishery 

Troll vessels off the coast of British Columbia fish for salmon 
(Oncorhynchus sp.) by hook and line, using six lines baited 
with lures m d  flashers placed at different depths. Within the 
fleet there are three classes of vessels: day boats, ice ba t s ,  md  
freezer boats. The majority of the vessels in the fleet (and in 
this study) are ice ba t s ,  which preserve their catch with ice, 
and undertake fishing trips no longer than 2 wk in duration. 
Day boats also preserve their fish with ice, but return to port 
daily to sell their catch. Freezer boats freeze their catch, "glaz- 
ing' ' them in ice for preservation. They are the largest md most 
sophisticated in the fleet and need only return to port when they 
have a full load of fish or require supplies, allowing them to 
fish continuously for periods in excess of 60 d. Typically troll- 
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FIG. 2. Observed aggregations of trollers off southwest Vancouver 
Island July 28, 1982. Observation from Tofino traffic control radar. 
Minimum vessel density within aggregations = 0.105-boat~.krn-~. 
Inset shows British Columbia coast. 

ers own md operate their own vessel with the assistance of a 
hired deck hand. 

Methods 

The Canadian Department of Fisheries and Oceans has main- 
tained data for the British Columbia coast (except for the Strait 
of Georgia) on daily catch of salmon by species from individual 
boll boats during the years 1981 to 1987. Twenty-eight, 28, 
26, 70, 82, 79, and 86 vessels provided data in 1988 to 1987, 
respectively (Healey 1986, Jordan and Carter 1987). 

The vessels participating in this program caught six different 
species of Pacific salmon: chinook (0ncorhynehus tshawyts- 
~ h b ~ ) ,  churn (0. ketk&), coho (0. k b ~ t ~ h ) ,  pi& (0. gorbuscha), 
sockeye (0. nerka), and steelhead (0. mykiss). As these fish 
vary considerably in both size and value, catch composition 
differed among vessels, and we converted the catch data for 
each boat to a dollar value. To do this, the weight of the fish 
was assumed equal to the average weight of each species landed 
in each statistical area each week (Canada Department of Fish- 
eries and Oceans, unpubl. data). Dollar value of the catch was 
then: V = XWjViP, where Wl = average weight of species i, 
Ni = number of species i caught, Pi = price of species i. 

We assumed that the goal of each skipper was to maximize 
the rate at which he made money while fishing. If this is true, 
then competitive ability can be represented by the short-term 
rate of accumulating income. We calculated a daily estimate of 
each vessel's competitive ability by dividing the totill cash value 
of a daily catch by the number of hours spent fishing. This 
estimate of competitive ability is independent of the total 
mount of money each vessel e m e d .  

Variation in Catch Rates Among Years 

Over the 7 yr of this study, the price of each salmon species 
changed in both absolute and relative terns (Fig. 3). Fmm 198 1 
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Fro. 3 .  Average annual price (in 1 98 1 dolIars) for six species of pacific 
salmon from 1981 60 1987. 

Year 
FIG. 4 .  Average catch rates (in 1981 dollars) for July and August of 
each year. Eprm bars represent ogle standard emor. 

to 1984, chinook salmon commanded the highest price1 
kilogram, and their pricelkilogram increased with their size. 
During 1986 and 6987, however, sockeye salmon commanded 
the highest pricelkilogram and their value relative to the other 
species increased from 1983 to 1987. 

Between 198 1 and 1987, regulations changed to restrict the 
fishing season. Details of these regulatory changes, which were 
implemented to conserve declining stocks of chinook salmon 
and to meet terms of the Canada/United States salmon 
interception agreement are given in Healey (1986); Argue et al. 
(6987); and Shardlow et al. (1986, 1988). In relation to the 
analyses we planned to perform, the most significant changes 
in regulations were a gradual elimination sf the spring fishing 
season for chinook salmon and earlier closure of the troll fishery 

in September. The fishery was gradually restricted to the months 
of July and August. Although these regulation changes cut the 
amual fishing time by more than half, most of the catch was 
historically taken during July and August. In addition, in 1985 
and thereafter, catch ceilings were imposed on all species on 
the west coast of Vancouver Island. We therefore restricted our 
analysis to log book records from July and August each year9.. 

Catch rates (1983 dollarslhour) during these summer months 
varied considerably between years (multifactor ANOVA, 
d;,,,,,, = 58.6, P = 0.0001); the catch rate of 1986 being almost 
four times that recorded in 1983 (Fig. 4). The range of variation 
exceeded that which could be accounted for by changes in the 
value of salmon and are likely due to changes in the abundance 
of fish (Healey 1986). 

Within Year Variation 

When catch data were grouped by week, there was a signif- 
icant effect of week on catch rates (multifactor ANOVA, 
4,2683 = 54.7, P = 0.0001). Catch rates were highest in the mid 
and late summer and were due to pink and sockeye salmon 
becoming available to the trollers at this time of the year whereas 
earlier only chinook and coho were available (Healey 1986). 

Variation in Catch Rates Among Areas 

There was also a significant effect of fishing area on the 
reported catch rates for all yeas (mraltifactor ANOVA, F,,,,,,, 
= 30.9, P = 0.0081). Unlike the within year variation, this 
effect was less consistent (and less predictable) among years. 
Fishing areas that had catch rates significantly higher than all 
others ranged from southern to northern British Columbia in 
different years. 

Variation in Catch Rates Among Vessels 

There was high variation in catch rate among vessels within 
a year (multifactor ANOVA, F,,, ,,,, = 10.15, p<0.0001). 
This variation should reflect competitive ability, but it was also 
influenced by the temporal and spatial variability in the avail- 
ability of fish noted above. There may be no real difference in 
competitive ability among fishing vessels, and therefore the 
variation in catch rates may simply be due to some boats k i n g  
in the right place at the right time. To determine whether var- 
iation in catch rates among vessels was at least partly due to 
differences in competitive ability we compared the observed 
frequency distribution of catch rates to a null distribution in 
which all variation was environmentally determined. 

We transformed catch rates for each vessel for each year to 
the number of stanclard deviates from the mean for all vessels. 
This number represented each vessel's relative competitive abil- 
ity, independent of the absolute catch rate for that year- From 
these data we calculated an average catch rate for each vessel 
that provided t h e  or more yeas of data (73 of the 14 6 different 
vessels in this program). The frequency distribution of these 
average catch rates was assumed to represent the range of com- 
petitive abilities within the fleet. 

We constructed the null distribution using all the observed 
data. Our fundamental assumption was that no differences 
existed in competitive ability so that the range of catch rates 
observed each yea- was generated solely by environmental var- 
iation. To create this distribution new catch rate vaiues were 
assigned to each of the 73 vessels by randcamly drawing (with 
replacement) one observation from the observed data for all 
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Null Distribution 

dive Catch Rate 
FIG. 5. Observed and predicted distribution sf average relative catch 
rates (catch rates as unit nsmal deviates). Predicted mode1 (null dis- 
tribution) assumes there are no differences in the competitive abilities 
of fishing vessels. 

vessels for each year this vessel contributed data. For example, 
if vessel 1 contributed data in 1981, 1983, md 1986 then a new 
catch for 1981 was assigned to this vessel from the set of catch 
rates for all vessels in 1981, and similarly for 1983 and 1986. 
The average catch rates calculated from these assigned numbers 
were taken to represent a catch rate distribution due to chance 
encounters with environmental factors (temporal and spatial) 
alone. The frequency distribution of these new average values 
was the nu l  distribution. 

If there are real differences in competitive ability among 
trollers the observed distribution of catch rates should be sig- 
nificantly broader than the null distribution. The two distribu- 
tions are illustrated in Fig. 5, and are significantly different 
(x2 = 50.67, P<O.BOl). The null distribution shows much less 
variation in catch rates than the observed data, indicating that 
environmental variation alone cannot account for the observed 
range of catch rates in the troll fleet, and real differences in 
competitive abilities must exist. 

%ry, selected the top five and bottom five ranked vessels from 
the observed distribution as representative of the range of com- 
petitive abilities sf the vessels sampled and examined their 
absolute rates of catch and distribution of fishing effort. All of 
the vessels in this sample reported catch rates for 1985 through 
1987. During this time period, the average catch rate of the top 
five vessels was 3.6 times that of the bottom vesseis. Further- 
more, this ratio was 3.5 for those instances in which top and 
bottom ranked vessels were fishing in the same area at the same 

time, suggesting that the ratio sf catch rates represents a dif- 
ference in the ability to catch fish, not a difference in the ability 
to find fish. 

The top and bottom ranked vessels differed in the proportion 
of their time spent fishing in different statistical areas (Fig. 6a, 
b). All the top vessels fished in a number of different areas. 
This was in striking contrast to the bottom vessels (Fig. 613) 
which spend more than 75% of their time in a single or two 
adjacent areas, only occasionally fishing in other locations. 

To determine whether the fishing patterns sf different vessels 
were a major determinant of fishing success, we described the 
diversity of where the boats fished by the Shannon-Wiener 
diversity index. The Shannon-Wiener diversity index is derived 
from information theory and is calculated as xp ,  (log pi) where 
pi is the proportion of time spent fishing in area i. The minimum 
value occurs if a vessel fishes only in one area. The index 
increases as vessels distribute their time equaBly between a large 
number of areas. We calculated a diversity index fm each vessel 
for each year and averaged these values. As with the previous 
analysis, we used only vessels that provided three or more years 
of data. A significant positive correlation existed between the 
average diversity index and catch rate expressed as a unit nor- 
mal deviate (Fig. 7,  mulitifactor ANWA, FIT7, == 17 -3, 
$<0,0001, r"OO. 196). The diversity index was also positively 
correlated with the proportion of sockeye in the catch (propor- 
tions arcsin square-root transformed, F ,  ,,, = 1 1.69, P = 0.001, 
3 = 0.141), suggesting that a broad distribution of fishing effort 
may be a strategy to promote the capture of sockeye. A signif- 
icant, but we& negative correlation existed between the diver- 
sity index and the proportion of chinook in the catch 
(proportions arcsin square-root transformed, F l  ?,, - 7.75, 
3 = - 0.898, P = 0.0077). No other significant correlations 
existed for other species, OH the diversity of species caught. 

Another factor which may contribute to differences in com- 
petitive ability is vessel size. Vessel length was significantly 
positively correlated with catch rate (Fig. 8, F ,  ,?, = 22.1, 
? = 0.237, P<O.OOOl). Whether larger vessel size is a cause 
or an effect of higher competitive ability is unclearo However, 
if mobility is a significant factor contributing to fishing success 
and competitive ability then possession of a larger vessel prob- 
ably enhances any competitive advantage that a successful fish- 
erman already has. Vessel class (i.e. ice boat or freezer boat) 
had no significant influence on relative catch rate (multifactor 
ANOVA, F ,  ,,, = 1.72, P = 0.19). Presumably, the advantage of 
operating a freezer boat may be to increase the time available 
for fishing since they require fewer trips to port. 

Discussion 

Analysis of catch rates mong  individuals in the British Col- 
umbia salmon troll fleet indicates that boats differ substantially 
in competitive ability. These differences are in addition to con- 
siderable temporal and spatial variation in catch rates. The 
source of the differences in competitive ability is less clear. 
Striking differences were observed in the allocation of fishing 
effort between the top and bottom ranked vessels. Top ranked 
vessels fished in a large number of areas whereas the bottom 
ranked vessels tended to concentrate their effort in one or two 
areas. The relationship between catch rate and dispersion of 
fishing effort was consistent over all vessels. 

Vessel length also was positively correlated with catch rate. 
However, the mechanism responsible for this correlation is not 
clear. Some fishermen argue that larger vessels fish better 
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Fro. 6. Percent sf time spent fishing in different statistical areas by (a) the top five ranked vessels and, (b) the bottom five ranked vessels. 

FIG. 7. Relative catch rates as a function of diversity index. Line fitted 
by least squares (dotted lines are 95% confidence intervals). See text 
for details. 

because of their greater momentum, allowing them to fish at a 
constant speed in rough water. A small vessel fishing in the 
same conditions has its speed slswed by each wave, possibly 
rendering the gear less effective. Alternatively, only successful 
fishemen could afford to own Iage fishing vessels. Therefore, 
the higher catch rates of the larger vessels may be due to dif- 
ferences in the skills of the skippers, not the vessels per se. 

Other factors that may affect competitive ability include 
characteristics of the vessels such as electrical grounding of the 
hull, and the type m d  condition sf the equipment on board, as 
well as the experience and competence of the skipper which 
would determine the efficiency with which a vessel's equip- 
ment was used (e.g. structure and type of lures deployed). 
Finally, fishing strategies of the skippers may differ in ways 
other than the way they allocate effort among fishing m a s .  
Evidence that factors suck as these are related to competitive 
ability is provided by a compa~son of catch rates among vessels 

Vessel Length (m) 
FIG. 8 .  Relative catch rates as a function of vessel length. Line fitted 
by kast squares (dotted lines are 95% confidence intervals). 

fishing in the same area at the same time. In such a situation, 
top vessels still did much better thm bottom vessels. 

Data provided in this study indicate only the gross financial 
benefits h m  fishing, not the costs. Vessels with higher catch 
rates may incur greater financial costs due to movement or had-  
ship due to isolation (see R. Hilbom and R. B. Kennedy, 
mpubl. data for a discussion of this latter point). Net benefits 
may be more similar among vessels than indicated by these data 
but are unlikely to be of a magnitude sufficient to offset our 
observations (see Figs. 7 and 8). 

Hilbom (1985) h a  suggested that, within the commercial 
purse seine fishery, two strategies could exist for maximizing 
the number sf fish caught. One strategy is to specialize in a 
particular area md, by leming everything possible a b u t  
catching fish in that area, maximize the rate sf capture within 
that m a  (area specialist). The other strategy is to develop skills 
qpmpriate to my  m a  md then to fish opportkmistically in a 
large number of different areas in order to maximize the number 
of fish captured (movement specialist). In this study, vessels 
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with the highest catch rates were movement specialists and ves- 
sels with the lowest catch rates were area specialists. However, 

ecidists were not more skilled at fishing in their Ch0sen 
area than were movement s alists, rather the reverse was 

e. Nor is there evidence area and movement speciali- 
zation exist as discrete strategies within the troll fleet. Rather, 
these strategies appear to be ends of a continuum. An alternative 
explanation may be that vessel movement patterns are tied to a 
skipper's decision about which salmon s 
Increased movement may be necessary if the troller wishes to 

schools of sockeye sdrnon as they migrate along the 
Columbia coast. Area-restricted fishing may reflect a 

w to target on chinook salmon. Intermediate movement 
patterns represent less species specificity in hawresting. 

atever their underlying causes, absolute differences in 
competitive ability among vessels will have a profound influ- 
ence on the distribution of relative to the distri- 
bution of fish. As the variati 
so does the deviation from an 
1988). Therefore, knowledge of the relative competitive abili- 
ties of troll fishermen can be used to describe the spatial dis- 
tribution sf the fleet relative to the distribution of available fish* 
In the case of the troll fishemen, the fleet distribution should 
be skewed toward regions of lower profitability. 

A further benefit of this of model is that the distribution 
of fishing vessels may be u o assess the distribution of fish. 
The distribution sf  fishing vessels can be mapped from aircraft 
overflights or from coastal installations much more easily 
than the distribution of fis stad et d. 1982; Healey et d. 
1 990). 

However, if Houston and McNmaa" (1988) 
used as a stock assessment tml, three problems must be 
addressed. First, their model assumes that interference (the 
slope of the relatiomhip between catch rate and vessel density) 
is - 1. Currently, data on this relationship are not available so 
that this assumption can not be evaluated. 

Second, their model assumes that 
only two locations. No solution is for situations in 
which the predator has a number of 
cate that the inflection point (i.e. the point at wvvhh patches 
contain fewer predators than prey) should shift towards the ori- 
gin, tracking the inverse of of locations among 
which the predator is choosing s 1986). However, an 
analytical solution to this quest ired before the model 
could be used in stock assessment. 

Finally, a mehod must be found to convert the relative mea- 
s u ~ s  of fish distribution generated by the model to an a 
rn If the relation between catch rate and vessel density 
is , then the catch rate for a single vessel in any patch 
can be calculated. However, an independent estimate of the 
relation between fish number and catch rate will be required. 
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in the log book program. Ted C W r  and Brent Hargreaves graciously 

provided information on the log book program from 1984 to 1987. We 
thank D. Gillis, R. H i l b ~ r n ~  Po Sgmons, and one anonymogas referee 
for critical c o m e n f s  on earlier drafts of this mmuscript. Funding for 
this researarch was provided by the Canadian Department of Fisheries 
and Oceans. 
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