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Introduction

The Grande River, located in the upper Paraná Basin, is segmented by 11 dams. Igarapava Dam is located at rkm 501 (20o00’S and 47o45’W) between the Volta Grande (rkm 425) and Jaguara (rkm 547) dams. Igarapava Dam was built in 1998 and the reservoir fills an area of 36.5 km2. A 17.5-m high vertical-slot fishway was built at Igarapava Dam to provide passage for upstream migrant fish around the dam.

Mandi is a small (< 2 kg), widely distributed catfish in the Paraná Basin. It is common in natural (e.g. riverine) and non-natural (e.g. reservoir and dam tailrace) habitats. In the Igarapava reservoir, it is one of the most abundant fish and an important commercial fisheries resource. Mandi spawn from October to February (Braga, 2001; Vono et al., 2002, Dei Tos et al., 2002) and experts disagree whether the species is a long (Vazzoler et al., 1997) or a short (Agostinho & Júlio Jr, 1999) distance migrant.

The objective of the present study was to track movements of migrant radio-tagged mandi to develop a conceptual model of their migration after they exit the Igarapava fish ladder and enter the Igarapava reservoir.

Methods

From November 2002 to March 2004, we radio tracked six female and five male mandi.  Reproductive stage of all females was late stage (ripe) and all males were early stage (not running ripe). Fish were 32.0–37.5 cm (standard length) and weighed 790–1,100 g. We captured fish that had entered the fishway by dewatering the fishway and netting the fish. We used electronarcosis to immobilize fish while we internally implanted a 8.9-g Lotek® coded radio tag with the antenna extending outside the body. Tagged fish were released in the Igarapava Reservoir 4 km upstream of the dam.

We used a boat-mounted tracking system to survey eight times for tagged fish in the Igarapava and Volta Grande reservoirs, mostly during the spawning season. Also, fixed-location data-logging radio telemetry receivers  tracked movements of tagged fish in the forebay and in the tailrace just below Volta Grande and Igarapava dams, and in the tailrace below Jaguara Dam.

Results and Discussion

Home range (maximum distance between most up- and downstream locations) was 24 + 24 km (mean + sd) and ranged from 3 to 80 km (Fig. 1). Four males and one female migrated upstream 31–43 km from the release point during November 2002 to January 2003 and in February 2004. One fish  reached the Jaguara Dam tailrace and stayed for 3 days. Five fish remained within 5 km of the release point in the Igarapava reservoir. Two of these five fish remained for 10 h to 5 days at the dam's forebay, then moved upstream into the reservoir. One fish remained at the dam’s forebay for 5 months until the tag signal disappeared.

Three fish stayed 2 weeks–2 months in the Igarapava reservoir, then migrated downstream passing Igarapava Dam in January 2003. Two of these fish passed the dam during the same hour they arrived at the forebay and one fish passed the dam 3 days after arrival at the forebay. The three fish passed downstream through the bulb turbine in 4–6 min. After passing the dam, the three fish stayed < 1 km downstream from Igarapava Dam and were detected by the data-logging receiver for 90 min–20 days. One fish continued to move downstream and was harvested ~ 40 km downstream in the Volta Grande Reservoir.  The fate of the other two downstream migrants is unknown. 

The data suggest the following conceptual model for mandi that pass upstream of Igarapava Dam using the fish ladder. After exiting the fishway, migration distance is highly variable. Most fish (64%) stay within the Igarapava reservoir, few (18%) migrate through the reservoir into the Grande River reach (~ 5 km long) between Igarapava Reservoir and Jaguara Dam, and even fewer fish (9 %) reach the Jaguara Dam tailrace. Mandi stay upstream in the Igarapava reservoir for a few weeks to a few months, then some (27%) migrate downstream passing Igarapava Dam via the turbines. Some mandi delay a few days in the Igarapava Dam forebay before passing through a turbine. The mandi that pass downstream of Igarapava Dam continue moving downstream to the Volta Grande reservoir, the likely place of origin prior to their upstream migration to the Igarapava fish ladder.
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Figure 1. Home range of mandi (males = 1 to 5) in the Grande River. Horizontal lines indicate river km location of Igarapava (dotted line) and Jaguara (dashed line) dams.
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