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Introduction

Fish in the Amazon basin are inaccessible during rainy seasons when most fish disperse into submerged forests.  Thus, studies of the ecology of tropical fishes are usually performed on fish caught in dry seasons.  Stable isotopes may present a way to investigate trophic ecology of fish during inaccessible seasons.

Plant materials have distinct (13C values that are determined by their photosynthetic pathways and metabolism.  The relationship between (13C in fish diets and otoliths (sagittae) may reveal factors about Amazonian herbivorous loricariid catfish diets and their life history.

This project will determine whether otolith isotope chemistry can be used to gather information about the dietary history of wood-eating and algivorous loricariid catfishes (Panaque nigrolineatus and Hypostomus regani respectively).  
Methods

Otoliths were extracted from Panaque nigrolineatus (22 fish from Rio do Peixe, Aruana, Goias, Brazil) and Hypostomus regani (14 fish from Rio Mogi-Guaçu, Pirassununga, São Paulo, Brazil) in the field and brought back to laboratory to count the growth rings under the light microscope.  Otoliths were then micromilled by a computer-controlled dental drill in the Stable isotope laboratory (Syracuse University).  Pre-programmed three-dimentional digitized paths guide the robotic micromill along the annuli of otolith to sample.  A subsample was collected after each run then a series of subsamples from one otolith were separated.

Forty-eight juvenile Hypostomus sp. were purchased from aquarium wholesalers and randomly assigned to one of four dietary treatments: 1) corn (Zea mays), a C4 plant with relatively high (13C values (approximately –10‰ (Vogel, 1993; Hanba et al., 1997; Stable Isotope/Soil Biology Laboratory, Institute of Ecology, University of Georgia, 1997)); 2) commercially obtained freshwater algae, Spirulina sp. (approximately –23.7‰, present study); 3) broccoli (Brassica oleracea, (13C= –35.4‰ (Evershed et al., 1999)); and 4) a C3 wood, red maple (Acer rubrum with (13C value = –26.1‰ (Brown, 1999)).  All tanks were covered with opaque material to exclude naturally occurring algae and maintained minimizing environmental differences among tanks other than diet.  After nine months on the experiment, eight, seven, and four fish survived on the corn, algae, and broccoli diets respectively.  The surviving fish were sacrificed by an overdose of anesthetic, and then otoliths were removed.  Although all Hypostomus sp. on the wood-only diet gradually died over the first five months of the experiment, the otoliths of four longest-lived fish were extracted for further analysis. 

Milled otolith samples (from the field) or whole otoliths (from laboratory-reared Hypostomus sp.) were roasted at 200°C to remove any volatiles and measured (13C values by a gas ratio mass spectrometer at Syracuse University.  (13C values of Spirulina sp. were measured in the stable isotope laboratory at the University of Wyoming.

(13C(Otolith) values from 10 P. nigrolineatus and 7 H. regani were not successfully obtained because of deficiencies of the milled sample and subjected to elimination for quality control considerations.

Results

The mean (13C(Otolith) values of field-collected P. nigrolineatus and H. regani differed by 3.67‰ (Table 1.) and were significantly different from each other despite their occurring in a similar geographic area (the Kruskal-Wallis test, P<0.001).  These values also did not correlate with body length, weight, or growth rings for either species (P>0.05). 
	
	Min
	Max
	Mean
	St Dev
	n

	(a)
	(15.15
	(13.78
	(14.40
	(0.35
	12

	(b)
	(12.50
	(8.81
	(10.74
	(1.35
	11

	Table 1. Summary of (13C(Otolith) measurements on field-caught Panaque nigrolineatus (a) and Hypostomus regani (b) (Units are ‰ except the number of fish at the last column.  “St Dev” is standard deviation.)


The distribution pattern of individual (13C(Otolith) values in Panaque nigrolineatus showed a strong tendency of possessing values around –13.78~(15.15‰ (Table 1.), whereas those of H. regani were more dispersed (around –8.81~(12.50‰ (Table 1.)).  There are, however, no time effects in (13C(Otolith) values for either species (P>0.05, general interaction ANCOVA).  

The different dietary treatments in Hypostomus sp. produced different carbon stable isotope values in their otoliths (Figure 1.).  This difference in (13C(Otolith) values mirrors the differences in (13C(Diet) values (Figure 1.).

The mean (13C(Otolith) of the corn diet showed a significant difference from the other diets (P<0.05, Scheffe’s test).  The mean (13C(Otolith) values of broccoli and wood diets were also significantly different from each other (P<0.05, Scheffe’s test), but not from the algae diet.

Discussion

The most likely causes of the difference in the mean 13C(Otolith) values of field collected two loricariid species are species differentiation in metabolic status, otolith formation processes, or diet preferences.
A narrow range of (13C(Otolith) values in P. nigrolineatus could be due to a constant metabolism in the field throughout their life or a constant diet (Table 1.).  Hypostomus regani, on the other hand, may change activity levels throughout their life or may have varied and/or changeable diets (Table 1.).

According to the dietary controlled experiment, the (13C(Diet) values are probably a very important component for controlling the (13C(Otolith) values in laboratory-reared Hypostomus sp..

Since a majority of research in Neotropical fish biology has been dependent on sampling during the dry seasons, stable isotope measuring techniques could improve the study of temporal trophic dynamics in the Neotropics. 
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Figure 1.  The parallel relationship between (13C(Diet) and (13C(Otolith) values (means) in laboratory reared juvenile Hypostomus sp. (n=23).  The vertical lines are standard deviations. 
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