AN attempt to disentangle the complexity of Amazon fisheries.  (The Manaus fisheries 1976-1988)
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Introduction

The management of a fishery consists in adjusting the level of removal of an aquatic resource from the environment with its natural renewal. Even in the case of a single species exploited by a single fishing gear, this task is a difficult one. It implies a detailed knowledge of the biology of the exploited population and of the fishing gear efficiency including the natural variability and heterogeneityof these two components. In the case of artesanal tropical fisheries the complexity is at its maximum. Most of these fisheries target a number of species, involve many different actors using a variety of fishing gears and making use of many fishing strategies. Whatever the method used to analyze such fisheries (global or analytical models), the identification of relatively homogeneous subsets is unavoidable. This approach of decomposing the fishery was developed by Ralston and Polovina (1982) to analyze the long-line fishery in Hawaii, and was explored in many recent works on tropical fisheries (Laloe et al, 1998; Pech et al. 2001). Amazon fisheries are probably the most complex in the world (Meschkat, 1961; Petrere, 1998b; Mérona, 1990; Mérona and Bittencourt, 1991, 1993). They operate on a very large scale, in a heterogeneous and variable environment; the fish fauna is composed of more than 2000 species, most of them potentially exploitable; fishing practices are very diverse, with boats of capacity from 3 to almost 100 tons and utilizing a number of fishing gears. Analyses of some aspects of this fishery have already used subsets of data based on empirical observations (Petrere, 1986a, b; Mérona and Bittencourt, 1988).Indeed, the grouping of some landings exclusively composed of a species captured by a unique fishing gear is obvious. It is notably the case of the tambaqui captured by gillnets. However, most landings are multispecific-multigear and the management of the fishery must take into account the interactions between the different fishing strategies developed in the fishery. In that way the purpose of this work is to explore the possibility to identify homogeneous subsets of the Manaus fishery in an objective way. We use the notion of « metier » or fishing strategies, as defined as the association of a species or group of species, a fishing gear or an association of gears, a fishing area and a fishing strategy. To proceed with this attemp we consider a set of continuous landing data in Manaus harbor from 1976 to 1988.

Methods
Landing data collection was established by Petrere in 1976 and described in detail (Petrere, 1978b). Data were collected every day from interviews with fishermen. At that time, the fish was landed at 11:00 p.m. after bargaining between the fishermen and the middlemen, leaving time for the collector to visit every boat and check the information given. Data included the date of landing, the number of days traveling, the number of days fishing, the fishing ground and its distance to Manaus, the number of fishermen participating, the number of canoes used, characteristics of the fishing gears and the list of species with their respective weight or number. For the fish commercialized by count, a transformation in weight was achieved based on measures of the mean weight of the fish in the market. In order to conduct the analysis some transformations were performed on this original file. 

We introduced 3 new variables: 1) the code of the main species, the one with the greatest quantity captured, 2) the percentage of the main species capture in relation to total capture and 3) the gears association, a concatenation of the codes when different gears were used in the fishing trip.

We calculated the fishing effort following Petrere (1978a), multiplying the number of days of fishing by the number of fishermen participating.

In order to introduce quantitative (capture, distance to harbor, effort) as well as qualitative (coded species and gears) variables in the analysis, we transformed all variables in dummy variables. That is each variable is represented by n modalities with values 0 or 1. From a careful examination of the distribution of data we coded: 

· the distances from Manaus harbor in 4 classes : 0-99 km ; 100-267 km ; 268-468 km ; 469-2000 km

· the effort in 4 classes : 0-18 ; 19-34 ; 35-57 ; 58-900 fishermen.days

· the capture in 4 classes : 0-1487 ; 1488-3468 ; 3469-7082 ; 7083-892079 kg

We used only the 5 more abundant species which are: jaraqui (1), tambaqui (2), curimata (3), pacu (4) and tucunaré (5) and gave the code 6 for other species. The 6 main fishing gears were coded 1: open water seine, 2: gillnet, 3: beach seine, 4: line, 5: long line and 6: traditional gears including trident, harpoon, bow and arrow, etc.

The data were treated by a Correspondence analysis using SAS software. A hierarchical clustering using Euclidean distance and average link was then applied on the coordinates on the first factors of the analysis in order to identify individual subsets. 

Results 

The three first factors of the correspondence analysis extracted 45.86% of the total inertia of the data set. Each of the following factors extracted less than 10%. The first factor separated the species « tucunaré » associated with « lines » and « traditional gears » (Fig. 1). 
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Figure 1. Projection of variables on the two first axis of the correspondence analysis.

Factor 2 separated the species « tambaqui » associated with « gillnets » and large efforts and distances from harbor. The third factor (12.9% of the total inertia) contrasted the seines and the gillnets, but did not clearly isolate a group of variables. 

The hierarchical classification of the variables shows a clear identification of three main groups (Fig.2). A group associated the tucunaré with lines and traditional gears, another group the tambaqui with gillnets and large efforts and distances and a last large group was composed of all other species, gears and fishing trips characteristics. 
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Figure 2. Dendrogramme of the hierarchical clustering of variables.

This preliminary analysis was then able to identify 3 homogeneous fisheries. One targeted the tucunaré which was captured with trident and hand lines. Another focused on the tambaqui captured by gillnets and worked on fishing grounds localized far from the harbor. Finally a more complex fishery targeted some migratory species as the jaraquis, the curimata and the pacus and used two types of seines. Altogether these 3 identified fisheries accounted for 81% of the landings and 79% of the quantities landed (Fig. 3). Indeed, correspondence analysis as well as hierarchical clustering focused on the main associations masking the weaker ones. An analysis of the remaining landings showed that they are mainly composed of tambaqui which represented more than 70% in weight and that 63% of these landings were using open-water seines. This observation allows the identification of a fourth fishery associating tambaqui with open-water seines. 
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Figure 3. Relative importance of the different fisheries.

The tucunaré fishery
The tucunaré fishery represented 10.3% of the fishing trips over the period of study but it produced only 3.3% of the quantities landed. The tucunaré made up 78.7% of the capture. Other species included the aruanã (10%), acaras (7.6%), and pescadas (1.5%) all species known to be sedentary. The most used fishing gear was the trident. Used alone it captured more than 82% of the total quantity and in association with other gears, 13%. Effort was relatively low, generally lower than 100 fishermen.days with teams from 4 to 11 fishermen and campaigns of 10 days or less (Fig.4). This fishery operated on fishing grounds near Manaus in varzea lakes. The most frequented site is the « lago do Rei » situated at a distance of 85 km from Manaus at the confluence of the Solimões with the Negro. On average, during the observation period, the capture did not show a strong seasonality, but the highest captures occurred in the low-water season. During the flood, the fish is more dispersed and more difficult to capture. 
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Figure 4. Parameters of the tucunaré fishery. a: repartition of fishing trip length; b: repartition of effort; c: interanual variations of capture and effort (Two months of data are missing in 1979); d: seasonality of capture. 

The production followed a decreasing tendency except in 1979 when the production was multiplied by three. This phenomenon is even more accentuated than it appears if we consider the two months of data missing for that year. Total yearly effort followed the same decreasing tendency. 

The tambaqui-gillnet fishery

This fishery was concerned with more than 7000 landings, representing 13% of the fishing trips and 13% of the quantities landed over the period. It was the activity which developed the greatest effort with long trips to go to fishing grounds situated at more than 300 km from Manaus (Fig 5). Some boats made the trip as far as the Peruvian border at about 2000 km. The average effort was 70 fishermen.days but it went until 400 fishermen.days. The species landed together with the tambaqui represented less than 5% of the quantities. These secondary species were of two types. On one hand there were sedentary species caught by active gears like trident, harpoon or lines that the fishermen used during the time left between the gillnets visits. These species were mainly the pirarucu (1.65%), the tucunaré (1.1%), and the aruanã (1.0%). On another hand there was a species closely related to the tambaqui: the pirapitinga which made 0.7% of the total capture.
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Figure 5. Parameters of the tambaqui-gillnet fishery. a: repartition of fishing trip length; b: repartition of effort; c: interanual variations of capture and effort. (Two months of data are missing in 1979); d: seasonality of capture

Gillnets alone were associated with 84.5% of the landings. In the remaining landings gillnets were associated with active gears like the trident (10.5% of the cases), the harpoon (1.9%), hand-lines (1.4%) or the open-water seine (0.9%). Capture was minimum during the low-water season in October and November and maximum during the intermediate periods of rising and falling water levels. During the time of high water when the floodplain forests are inundated, the tambaqui enters in the forests to eat the fruits and seeds falling from the trees (Goulding, 1980). The between year variability of the flooding intensity, and especially the appearance of El Niño episodes, led to large variations in monthly captures. The production of this fishery was maximal the two first years of observation but stabilized afterwards around 1500 tons.year-1. The total effort dedicated followed the capture tendencies except in 1985 where large effort did not produce any increase in the production. It seems then that the fishermen adjust their effort to the production potential of the floodplain.

The migratory fish fishery

The migratory fish fishery was the most important fishery in term of number of trips as well as in quantities landed. It represented 56% of the trips and 65% of the landings.This strategy was very active in the vicinity of Manaus inside a radius of about 200km but is regularly carried out up to 500km from the harbor (Fig. 6). 
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Figure 6. Parameters of the migratory fish fishery. a: repartition of fishing trip length; b: repartition of effort; c: interanual variations of capture and effort (Two months of data are missing in 1979); d: seasonality of capture. 

In general the trips were short and the number of fishermen participating less than 10. The species were almost exclusively migratory. The jaraqui represented 39.7% of the captures, the curimata 14.4%, and the pacu 12.1%. Beside these 3 main species which were regularly brought to the market, many other migratory species were captured occasionally. These were the piramutaba (7.9%), the sardinhas (7.0%), the matrinchã (6.7%), the pirapitinga (5.9%), the aracu (2.4%) and the branquinhas (1.4%). To catch such species fishermen used the seines, either in open water, or along the beaches. 83.6% of the landings used open water seines and 12.45% beach seines. The majority of the remaining landings were performed with long-lines.The fishery was seasonal. There was a large capture of jaraqui en May-June at the peak of the floods and an increase of the production at the end of the falling of the water when many fishes leave the floodplain. The annual production of the migratory fish fishery appeared to be stable over the observation period, although the two last years showed a decrease in the capture. The total capture followed roughly the capture of the three main species. The main exceptions were in 1976 and 1979 when large captures of sardinhas and piramutaba respectively were observed. The total effort was apparently correlated with the capture. 

The tambaqui-seine fishery

In terms of number of trips as well as quantities landed, the tambaqui-seine fishery was more important than the tambaqui-gillnet fishery. It represented 21% of the total number of trips and 19% of the capture. The tambaqui made 72.1% of the capture, a figure which was related to the use of open-water seine in 63.3% of the trips. Other species were the aruanã (8.3%), the pirarucu (4.9%), the pescada (3%) and 9 other of diminutive importance. These were captured mainly with gillnets (14% of the trips) and trident (11%). To catch the tambaqui with seine, fishermen did not go very far from Manaus. The fishing grounds visited were localised at a distance lower than 500 km from the harbor with the majority of the trips included in a radius of 200 km (Fig. 7). The fishing effort developed in this fishery was relatively weak. The number of fishermen was most often 10 or lower and the number of days fishing was generally lower than 15. The quantities captured in the high water season were 4 times less than those in the low water season. This figure appears to be opposed to that observed for the tambaqui-gillnet fishery. Indeed, unlike the gillnets, seines cannot operate in the flooded areas because of the presence of trees. Capture was very variable from one year to another, but no tendency could be detected over the period. After a peak in 1979 when the capture was over 7000 t, the landings decreased and stayed low during the period 1981 to 1986. In 1987 a new peak was observed. The annual effort dedicated to this fishery is extremely high. Even in the period of low capture the effort was increasing. This is probably due to the high price of the tambaqui on the market. 
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Figure 7. Parameters of the tambaqui-seine fishery. a: repartition of fishing trip length; b: repartition of effort; c: interanual variations of capture and effort (Two months of data are missing in 1979); d: seasonality of capture.

Conclusions and Discussion

At first sight, the Manaus fishery appeared to be extremely complex with many different target species and fishing strategies and this complexity makes any tentative of management difficult. However, some strategies were relatively easy to identify and, in the past, allowed some interesting analyses. Data on the tambaqui- gillnet fishery as well as the tucunaré-trident fishery were used to analyze variations in the relative abundance of these two species between 1976 and 1978 (Petrere, 1986a & b). Mérona & Bittencourt (1988) conducted a preliminary analysis on the tambaqui and the jaraqui based on the global model of production by effort. Nevertheless, identification of subsets in the fishery was then based on a subjective appreciation of the characteristics of landings. The approach proposed here, based upon multivariate analyses techniques, allowed a more objective identification of the landings repartition. It revealed the existence of 4 types of fishing strategies. Three of them targeted a single species or, at least, in the case of tucunaré, two closely related species. The other strategy was more complex. It targeted a group of species, with homogeneous size, and which share the particularity to carry out migrations. More than 15 years passed from the end of the period studied in this work and the present. It is doubtless that many changes occurred in the fishing activity in the Amazon region. However, it is likely that the main fishing strategies continue to be operational even if adaptations (tactics) have taken place to cope with changes in abundance and repartition of the stocks. In that way, this contribution aims to stimulate the studies of Amazon fisheries. Of course, identification of individual fisheries is only the first preliminary step in the process of managing a fishery. Application of models will require much more detailed studies, particularly on the ecology of the species, the interactions between different fisheries and the effects of environmental parameters (see Mérona & Gascuel, 1993).
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