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Abstract

As part of a larger study aimed at reducing the effluent loads of phosphorus from high density, flow-through aquaculture facilities, preliminary research steps were taken to establish a relationship between total phosphorus and ratios of carbon and nitrogen isotopes.  The goal of this facet of the project is to determine residence time of phosphorus particles in a high-density flow through aquaculture facility.  Isotopes of phosphorus are relatively unstable, therefore our intention is to use stable isotopes of carbon or nitrogen as a proxy.  To this end, samples of water, feed, whole fish and feces were collected and analyzed for total phosphorus and (13C and (15N.  Phosphorus concentrations, (13C and (15N were analyzed using a liner regression to establish a relationship.  

Introduction

Over 26,000 metric tons of trout (>30 cm) were produced in 2000 with 75% of the production coming from one state, Idaho.  According to the National Agriculture Statistics Service (USDA-NASS 2001), the value of trout sold and distributed by private industry in the United States in 2000 exceeded $70 million.  With the expansion of the aquaculture industry comes an increased contribution to global pollution.  Fortunately, the relationship between aquaculture industry growth and waste production has not been linear.  

Since 1972, when the United States Environmental Protection Agency implemented the National Pollutant Discharge Elimination System (NPDES) permitting process regulating point source discharges into waters of the United States, much effort has gone into the development of sustainable practices aimed at minimizing the impact of effluent generated at aquaculture facilities.  As the industry has grown, better management practices and improvements in aquatic animal nutrition (Cho and Bureau 1997) have made it possible to increase the efficiency of the industry while at the same time reducing the overall environmental impact of aquaculture.  Phosphorus (P) is often limiting in freshwater systems (Cole 1994); therefore, the reduction of P from trout hatcheries and growout facilities is of the utmost importance.  

Research has shown that roughly 20% of P in prepared trout diets is retained as fish biomass, with the remaining 80% available for release into the culture system (Ketola and Harland 1993).  Axler et al. (1997) have determined that the annual loading rate of P is between 4.8 and 18.7 kg per metric ton of trout grown, while Boaventura et al. (1997) have suggested that P loading rates can be as high as 25.5 kg per metric ton of trout produced.  Even at the lower P loading levels reported by Axler et al. in 1997, when we combine P loading rates with the annual production of food sized trout (>30 cm) in 2000 (USDA-NASS 2001), we see that between 128 and 500 metric tons of P were produced by this sector of the trout industry alone.  


Currently, there is a large body of research focusing on the manipulation of dietary P as a means to reduce the overall effluent load (Ketola 1985; Alsted 1988; Ketola and Harland 1993; Ketola and Richmond 1994; Lanari et al. 1995; Heinen et al. 1996).  Hardy (1999) reports decreases in excreted P of 35% in feces and 82% in urine between 1990 and 1998 through a lowering of available P in trout diets from an industry average of 2.2% in 1990 to 1.4% in 1998.  Other research has shown that changing feeding practices can also play a role in the reduction of excess P in trout raceway effluent water (Cho and Bureau 1997).  


Numerous works have already been done to characterize the effluent generated at commercial trout farms (Axler et al. 1997; Boaventura et al. 1997).  Determining the contributions of P from water and feed entering the system and P leaving the system as fish, feces or dissolved in the effluent is fundamental.  These characterization studies can and have successfully determined whether or not overall loads of P are increasing through a farm, but they do not provide any insight into the residence time of any particular molecule of P.  While the overall goal of this project is to reduce the discharge of all species of P from high-density, flow-through aquacultural facilities, one of the first steps must be to accurately track P through a given system.  Stable isotopes can provide one solution.  

It would be difficult if not impossible to track P directly via isotope spiking, as isotopes of P are unstable, with a maximum half-life of 25 days (Weast et al. 1983).  To this end, naturally occurring C and N isotopes (specifically, 13C and 15N ratios) are being employed as a proxy to the direct tracking of P.  Once a solid relationship has been established, that supports the use of 13C and/or 15N in this capacity, particle residence time in a high-density, flow-through aquaculture facility can be determined using isotope labeled feed.  A study was designed to determine the strength of the relationship between P and (13C and/or (15N in both water and solids collected from a commercial trout farm in Idaho.  

Materials and Methods

Samples of feed, whole fish, fish feces and water were collected from a commercial trout farm in Hagerman, Idaho in July 2001.  Sample collection began at 09:00 on July 6 and continued at 3-h intervals for 12 h.  At each sample time, effluent water from one trout production raceway was collected from the quiescent zone, along with a sample of fish feces.  In addition, at 09:00, samples of feed from the demand feeder, raw spring water, spring pump-back water and raceway influent water were also collected.  Whole fish were sampled at 15:00 and 18:00. 

At each sampling time, duplicate water samples were collected, one for total P analysis and one for 13C and 15N analysis.  Water for total P analysis was collected with a 400-ml beaker and transferred to a polyethylene bottle containing sulfuric acid as a preservative.  Samples for isotopic analysis were collected directly in 1-L polyethylene bottles.  No preservatives were used for these samples.  Solid samples, with the exception of whole fish, were collected in 250-ml wide mouth polyethylene bottles.  Fish were randomly collected with a dip-net and placed into whirl packs.  Solid samples were not preserved prior to freezing.  

All water and solid samples were placed immediately on ice for transportation to the University of Idaho’s Hagerman Fish Culture Experiment Station where they were frozen prior to being transported to the University of Arizona, Environmental Research Lab for analysis.  Upon arrival, solid samples were dried in an oven at 104(C to a consistent weight.  Solid samples were then ground using a mortal and pestle to facilitate P and isotopic analysis.  Total P samples were analyzed by a commercial lab (Turner Laboratories Inc., Tucson, AZ) via the ascorbic acid method (Standard Method # 4500-P E., APHA et al. 1995).  

Isotopes of 13C and 15N in solid samples were analyzed by the Department of Geosciences at the University of Arizona with a Costech Element Analyser (Costech Analytical Technologies, Inc., Valencia, CA).  Solid samples were placed in tin capsules and combusted in a stream of helium and oxygen at >1020 (C.  Water and sulfur oxides were removed from the gas following combustion, and prior to the purified gas being passed through a Finnigan DeltaPlus mass spectrometer (Thermo Finnigan, San Jose, CA).  Analytical precision is approximately 0.08 per mil for carbon and 0.15 per mil for nitrogen isotopes.  Isotopes ratios were standardized relative to NBS 20 for carbon and NIST SRMs 8547, 8548 for nitrogen isotopes.  Analysis of (13C and (15N in aqueous samples was completed by the Environmental Isotope Laboratory at the University of Waterloo (Waterloo, Ontario).  

Following sample collection and analysis, data were analyzed to expose the relationship between total P and (13C and/or (15N.  The computer software package, JMP IN v4 (SAS Institute Inc., Pacific Grove, CA) was used to test the linear regression of P on (13C and (15N.  Using data from the literature (Hardy 1999) concerning phosphorus retention in trout, a correction factor was developed to help explain the relationship between P and isotopes of C and N.  

Results

Water Samples

Total P concentrations at the spring source (raw spring water), spring pump-back water and water entering the raceway was 0.01 mg/L.  Effluent water P concentrations averaged 0.03 mg/L, ranging from 0.01 to 0.06 mg/L (Fig. 1).  Phosphorus concentration data in the aqueous samples are listed in Table 1.  To date, water samples have not been analyzed for (13C and (15N.  

Table 1.  Phosphorus concentrations of various water sources on July 6, 2001 at a commercial trout farm in Hagerman, Idaho.

Sample ID
Time
P (mg/L)

Spring pump-back
9:00
0.01

Spring Raw
9:00
0.01

Raceway In
9:00
0.01

Raceway Out
9:00
0.01

Raceway Out
12:00
ND*

Raceway Out
15:00
ND*

Raceway Out
18:00
0.06

Raceway Out
21:00
0.02

* None Detected
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Solid Samples

Feed collected from demand feeder was 0.62% P, by weight, and whole fish were 0.75% P by weight.  Percent P in fish feces was between 1.6 and 1.9%, with an average of 1.7% (Fig. 1).  Carbon 13/12 ratios differed only slightly among samples of feed, whole fish and feces (p = 0.0511, F = 5.7173, df = 7).  The 13C ratios of feed (-21.88) and whole fish (-21.29) where similar (p = 0.4544, t = 0.8107).  Mean (13C in fish feces was -22.92, higher then either feed (p = 0.174, t = 1.584), or whole fish (p = 0.0224, t = 3.261).  

Nitrogen 15 isotope ratios were not as consistent between feed, whole fish and fish feces as were carbon isotopes (p = 0.0010, F = 37.0771, df = 7).  Feed (15N was 7.99.  Mean (15N of whole fish was higher than the feed, at 11.23 (p = 0.01, t = 4.03), while mean (15N of fish feces was lower than the feed, at 6.50 (p = 0.0933, t = 2.07).  The difference in (15N between whole fish and feces was 4.721 (p = 0.0003, t = 8.609) (Table 2).  

In all samples, (13C levels were lower then the Pee Dee Belemnite (PDB) standard, indicating less 13C relative to 12C in nature.  Conversely, all samples had a higher 15N to 14N ratios than found in nature.  Despite this difference in (13C depletion and (15N enrichment compared to their respective standards, both (13C and (15N of whole fish were enriched relative to the feed, (13C by 0.59‰ and (15N by 3.24‰. 

Table 2.  Concentrations of phosphorus, (13C and (15N measured in the feed, whole fish and feces collected from a high-density, flow-through aquacultural facility in Idaho.  

Sample ID
Time
%P
Correction
Corr. %P
(13C
(15N

Feed
9:00
0.62
1.00
0.62
-21.88
7.99

Whole Fish
9:00
0.87
0.46
0.40
-20.47
11.47

Whole Fish
15:00
0.60
0.46
0.28
-22.10
10.98

Fish Feces
9:00
1.70
0.46
0.78
-23.18
6.24

Fish Feces
12:00
1.90
0.46
0.87
-22.52
6.67

Fish Feces
15:00
1.70
0.46
0.78
-23.36
5.99

Fish Feces
18:00
1.60
0.46
0.74
-22.79
5.95

Fish Feces
21:00
1.60
0.46
0.74
-22.75
7.67

Numerous simple linear regression models of %P on (13C and (15N were fitted.  Figures 2 and 3 are the original regression models of %P on (13C and (15N, respectively.  Looking at the R2 values for both, we see that the regression of %P on (13C accounts for only 48.5% of the variation and the regression of %P on (15N accounts for 63.6% of the variation in the data.  While explaining 64% of the variation might be sufficient, we felt that a better explanation of the variation was possible.  

In order to better explain the relationship between %P and isotopes of C and N, a correction factor was developed.  It has been suggested that 46% of the dietary P is retained in the fish, 46% is excreted in the feces and the remaining 8% is excreted into the water from the gills and/or as urine (Hardy 1999).  Using these numbers, the %P found in the samples was adjusted to reflect the amount retained as follows: %P in feed was multiplied by 1.00 and %P in both fish and feces were multiplied by 0.46, corresponding to the expected percentage of P retained in each (Table 2).  
With the corrected %P values, the linear regressions of (13C and (15N were re-run (Figs. 4 and 5, respectively).  The linear regression of %P (corrected) on (13C explains a similar amount of variation as the previous model, 48.4% versus 48.5% from the regression of %P on (13C.  Despite negligible effects on the linear regression of %P on (13C, correcting %P as described above made a substantial difference when applied to (15N.  Our initial regression of %P on (15N explained 63.6% of the variation in the data.  Using the corrected values of %P enables the regression of %P (corrected) on (15N to explain 86.2% of the variation in the data, indicating that P from the diet is being partitioned in the culture system as Hardy (1999) has described.
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[image: image3.wmf]Figure 3.  Linear regression of %P on d15N.

y = -0.1931x + 2.8435

R

2

 = 0.6363

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

5.50

6.50

7.50

8.50

9.50

10.50

11.50

d15N

%P


[image: image4.wmf]Figure 2.  Linear regression of %P on d13C.

y = -0.4045x - 7.7291

R

2

 = 0.4845

0

0.2

0.4

0.6

0.8

1

1.2

1.4

1.6

1.8

2

-24.00

-23.50

-23.00

-22.50

-22.00

-21.50

-21.00

-20.50

-20.00

d13C

%P



[image: image5.wmf]Figure 1.  Phosphorus concentrations in a commercial trout production raceway.  Water sample data  is 
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Discussion

Techniques involving stable isotope analyses have been used to study a variety of biological systems as reported by France (1995), France and Peters (1997), Harrington et al. (1998), Fantle et al. (1999) and Takai and Sakamoto (1999) among others.  While the specific applications reported by each of these authors differs significantly, the underlying premise is the same throughout.  Namely, that based on the food sources consumed, organisms develop a characteristic isotopic signature.  This signature can, therefore, be used to determine any number of things, such as trophic ladder position (France 1995), food source (Fantle et al. 1999), population identity (Takai and Sakamoto 1999) or the source of nutrient enrichment (Harrington et al. 1998).  France and Peters (1997), as well as numerous other authors have examined the relative enrichment of stable isotopes from prey to predator, due to selective metabolism of lighter isotopes.  Our findings indicate the presence of a similar pattern, where both (13C and (15N of whole fish were enriched relative to the feed and we believe this information will provide a strong foundation on which to effectively track particles through a high-density, flow-through aquaculture facility.  
We have found a solid relationship between the %P and ratios of both (13C and (15N in water and solid samples collected from a commercial trout production raceway.  Admittedly, our model has certain limitations, not the least of which is the small sample size.  As more data are collected we are confident the model will become more robust.  Overall, we are pleased with the amount of variation (86.2%) that can be accounted for by the linear regression of %P on (15N, after correcting for the expected %P retained in fish and excreted in feces.  It is our conclusion, therefore, that these preliminary data suggest that by tracking (15N through a high-density, flow-through aquaculture facility over time we will be able to determine the residence time of P with a high degree of accuracy. 
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_1069064317.xls
Phosphorus 1

		Sample ID		Date		Time		Phosphorus

		Spring Pumpback		7/6/01		9:00		0.01

		Spring Raw		7/6/01		9:00		0.01

		Raceway In		7/6/01		9:00		0.01

		Raceway Out		7/6/01		9:00		0.01

		Raceway Out		7/6/01		12:00		ND

		Raceway Out		7/6/01		15:00		ND

		Raceway Out		7/6/01		18:00		0.06

		Raceway Out		7/6/01		21:00		0.02

		Raceway Out		7/7/01		8:30		0.02

		Raceway End		7/7/01		16:30		0.02

		Feed		7/6/01		9:00		0.62

		Small Fish		7/6/01		9:00		0.87

		Large Fish		7/6/01		15:00		0.6

		Feces		7/6/01		9:00		1.7

		Feces		7/6/01		12:00		1.9

		Feces		7/6/01		15:00		1.7

		Feces		7/6/01		18:00		1.6

		Feces		7/6/01		21:00		1.6
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Data

		Sample ID		Date		Time		P (%)		P (mg/L)		correction		Corrected P		Corrected %P		d13C		d15N raw		d15N corr		%C		%N		C/N

		Spring Pumpback		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008								0		0		0

		Spring Raw		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway In		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Water		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway Out		7/6/01		12:00		0		0		0.08		0		0

		Raceway Out		7/6/01		15:00		0		0		0.08		0		0

		Raceway Out		7/6/01		18:00		0.000006		0.06		0.08		0.0048		0.00000048

		Raceway Out		7/6/01		21:00		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway Out		7/7/01		8:30		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway End		7/7/01		16:30		0.000002		0.02		0.08		0.0016		0.00000016

		Feed		7/6/01		9:00		0.62		6200		1		6200		0.62		-21.88		7.99		7.87		49.18		7.88		6.24

		Small Fish		7/6/01		9:00		0.87		8700		0.46		4002		0.4002		-20.47		11.47		11.4		50.26		9.05		5.55

		Large Fish		7/6/01		15:00		0.6		6000		0.46		2760		0.276		-22.10		10.98		10.9		58.35		7.94		7.35

		Feces		7/6/01		9:00		1.7		17000		0.46		7820		0.782		-23.18		6.24		6.1		40.02		3.87		10.34

		Feces		7/6/01		12:00		1.9		19000		0.46		8740		0.874		-22.52		6.67		6.6		32.66		3.78		8.64

		Feces		7/6/01		15:00		1.7		17000		0.46		7820		0.782		-23.36		5.99		5.9		35.54		3.77		9.43

		Feces		7/6/01		18:00		1.6		16000		0.46		7360		0.736		-22.79		5.95		5.8		34.70		3.55		9.77

		Feces		7/6/01		21:00		1.6		16000		0.46		7360		0.736		-22.75		7.67		7.6		36.24		3.42		10.60





Isotope 1

																						ACETANILIDE RESULTS

		Sample		%C		%N		C/N		d13C		volts		d15N raw		volts		d15N corr				%C		%N		C/N				d13C		d15N

		1 small fish		50.26		9.05		5.55		-20.47		5.10		11.47		3.8		11.4				70.05		10.25		6.83				-29.56		-1.72

		2 large fish		58.35		7.94		7.35		-22.1		3.10		10.98		2.7		10.9				70.77		10.50		6.74				-29.57		-1.59

		3 feces 0900		40.02		3.87		10.34		-23.18		7.80		6.24		1.5		6.1				71.57		10.57		6.77				-29.58		-1.55

		4 feces 1200		32.66		3.78		8.64		-22.52		5.40		6.67		1.3		6.6												-29.58		-1.61

		5 feces 1500		35.54		3.77		9.43		-23.36		7.20		5.99		1.5		5.9												-29.57		-1.55

		6 feces 1800		34.70		3.55		9.77		-22.79		7.10		5.95		1.4		5.8												-29.56		-1.54

		7 feces 2100		36.24		3.42		10.60		-22.75		5.60		7.67		1.1		7.6

		8 feed		49.18		7.88		6.24		-21.88		8.70		7.99		2.8		7.9

																						70.80		10.44		6.78		Mean		-29.57		-1.59

																						0.76		0.17		0.05		SD		0.01		0.07

																						0.57		10.36		6.86		True value		-29.59		-1.71





Isotope 2

		Sample		%C		%N		C/N				d13C		d15N corr

		1 small fish		50.26		9.05		5.55				-20.47		11.4

		2 large fish		58.35		7.94		7.35				-22.1		10.9

		3 feces 0900		40.02		3.87		10.34				-23.18		6.1

		4 feces 1200		32.66		3.78		8.64				-22.52		6.6

		5 feces 1500		35.54		3.77		9.43				-23.36		5.9

		6 feces 1800		34.70		3.55		9.77				-22.79		5.8

		7 feces 2100		36.24		3.42		10.60				-22.75		7.6

		8 feed		49.18		7.88		6.24				-21.88		7.9

		ACETANILIDE RESULTS

		%C		%N		C/N				d13C		d15N

		70.05		10.25		6.83				-29.56		-1.72

		70.77		10.50		6.74				-29.57		-1.59

		71.57		10.57		6.77				-29.58		-1.55

										-29.58		-1.61

										-29.57		-1.55

										-29.56		-1.54

		70.80		10.44		6.78		Mean		-29.57		-1.59

		0.76		0.17		0.05		SD		0.01		0.07

		0.57		10.36		6.86		True value		-29.59		-1.71






_1069064332.xls
Phosphorus 1

		Sample ID		Date		Time		Phosphorus

		Spring Pumpback		7/6/01		9:00		0.01

		Spring Raw		7/6/01		9:00		0.01

		Raceway In		7/6/01		9:00		0.01

		Raceway Out		7/6/01		9:00		0.01

		Raceway Out		7/6/01		12:00		ND

		Raceway Out		7/6/01		15:00		ND

		Raceway Out		7/6/01		18:00		0.06

		Raceway Out		7/6/01		21:00		0.02

		Raceway Out		7/7/01		8:30		0.02

		Raceway End		7/7/01		16:30		0.02

		Feed		7/6/01		9:00		0.62

		Small Fish		7/6/01		9:00		0.87

		Large Fish		7/6/01		15:00		0.6

		Feces		7/6/01		9:00		1.7

		Feces		7/6/01		12:00		1.9

		Feces		7/6/01		15:00		1.7

		Feces		7/6/01		18:00		1.6

		Feces		7/6/01		21:00		1.6
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Figure 5.  Phosphorus concentrations in a commercial trout production raceway.
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Figure 1.  Linear regression of %P on d13C.
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Figure 2.  Linear regression of %P on d15N.
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Figure 3.  Linear regression of %P (corrected) on d13C.
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Figure 5.  Linear regression of %P (corrected) on d15N.
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Data

		Sample ID		Date		Time		P (%)		P (mg/L)		correction		Corrected P		Corrected %P		d13C		d15N raw		d15N corr		%C		%N		C/N

		Spring Pumpback		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008								0		0		0

		Spring Raw		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway In		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Water		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway Out		7/6/01		12:00		0		0		0.08		0		0

		Raceway Out		7/6/01		15:00		0		0		0.08		0		0

		Raceway Out		7/6/01		18:00		0.000006		0.06		0.08		0.0048		0.00000048

		Raceway Out		7/6/01		21:00		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway Out		7/7/01		8:30		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway End		7/7/01		16:30		0.000002		0.02		0.08		0.0016		0.00000016

		Feed		7/6/01		9:00		0.62		6200		1		6200		0.62		-21.88		7.99		7.87		49.18		7.88		6.24

		Small Fish		7/6/01		9:00		0.87		8700		0.46		4002		0.4002		-20.47		11.47		11.4		50.26		9.05		5.55

		Large Fish		7/6/01		15:00		0.6		6000		0.46		2760		0.276		-22.10		10.98		10.9		58.35		7.94		7.35

		Feces		7/6/01		9:00		1.7		17000		0.46		7820		0.782		-23.18		6.24		6.1		40.02		3.87		10.34

		Feces		7/6/01		12:00		1.9		19000		0.46		8740		0.874		-22.52		6.67		6.6		32.66		3.78		8.64

		Feces		7/6/01		15:00		1.7		17000		0.46		7820		0.782		-23.36		5.99		5.9		35.54		3.77		9.43

		Feces		7/6/01		18:00		1.6		16000		0.46		7360		0.736		-22.79		5.95		5.8		34.70		3.55		9.77

		Feces		7/6/01		21:00		1.6		16000		0.46		7360		0.736		-22.75		7.67		7.6		36.24		3.42		10.60





Isotope 1

																						ACETANILIDE RESULTS

		Sample		%C		%N		C/N		d13C		volts		d15N raw		volts		d15N corr				%C		%N		C/N				d13C		d15N

		1 small fish		50.26		9.05		5.55		-20.47		5.10		11.47		3.8		11.4				70.05		10.25		6.83				-29.56		-1.72

		2 large fish		58.35		7.94		7.35		-22.1		3.10		10.98		2.7		10.9				70.77		10.50		6.74				-29.57		-1.59

		3 feces 0900		40.02		3.87		10.34		-23.18		7.80		6.24		1.5		6.1				71.57		10.57		6.77				-29.58		-1.55

		4 feces 1200		32.66		3.78		8.64		-22.52		5.40		6.67		1.3		6.6												-29.58		-1.61

		5 feces 1500		35.54		3.77		9.43		-23.36		7.20		5.99		1.5		5.9												-29.57		-1.55

		6 feces 1800		34.70		3.55		9.77		-22.79		7.10		5.95		1.4		5.8												-29.56		-1.54

		7 feces 2100		36.24		3.42		10.60		-22.75		5.60		7.67		1.1		7.6

		8 feed		49.18		7.88		6.24		-21.88		8.70		7.99		2.8		7.9

																						70.80		10.44		6.78		Mean		-29.57		-1.59

																						0.76		0.17		0.05		SD		0.01		0.07

																						0.57		10.36		6.86		True value		-29.59		-1.71





Isotope 2

		Sample		%C		%N		C/N				d13C		d15N corr

		1 small fish		50.26		9.05		5.55				-20.47		11.4

		2 large fish		58.35		7.94		7.35				-22.1		10.9

		3 feces 0900		40.02		3.87		10.34				-23.18		6.1

		4 feces 1200		32.66		3.78		8.64				-22.52		6.6

		5 feces 1500		35.54		3.77		9.43				-23.36		5.9

		6 feces 1800		34.70		3.55		9.77				-22.79		5.8

		7 feces 2100		36.24		3.42		10.60				-22.75		7.6

		8 feed		49.18		7.88		6.24				-21.88		7.9

		ACETANILIDE RESULTS

		%C		%N		C/N				d13C		d15N

		70.05		10.25		6.83				-29.56		-1.72

		70.77		10.50		6.74				-29.57		-1.59

		71.57		10.57		6.77				-29.58		-1.55

										-29.58		-1.61

										-29.57		-1.55

										-29.56		-1.54

		70.80		10.44		6.78		Mean		-29.57		-1.59

		0.76		0.17		0.05		SD		0.01		0.07

		0.57		10.36		6.86		True value		-29.59		-1.71






_1069064291.xls
Phosphorus 1

		Sample ID		Date		Time		Phosphorus

		Spring Pumpback		7/6/01		9:00		0.01

		Spring Raw		7/6/01		9:00		0.01

		Raceway In		7/6/01		9:00		0.01

		Raceway Out		7/6/01		9:00		0.01

		Raceway Out		7/6/01		12:00		ND

		Raceway Out		7/6/01		15:00		ND

		Raceway Out		7/6/01		18:00		0.06

		Raceway Out		7/6/01		21:00		0.02

		Raceway Out		7/7/01		8:30		0.02

		Raceway End		7/7/01		16:30		0.02

		Feed		7/6/01		9:00		0.62

		Small Fish		7/6/01		9:00		0.87

		Large Fish		7/6/01		15:00		0.6

		Feces		7/6/01		9:00		1.7

		Feces		7/6/01		12:00		1.9

		Feces		7/6/01		15:00		1.7

		Feces		7/6/01		18:00		1.6

		Feces		7/6/01		21:00		1.6
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Figure 5.  Phosphorus concentrations in a commercial trout production raceway.
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Figure 2.  Linear regression of %P on d13C.
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Figure 3.  Linear regression of %P on d15N.
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Figure 4.  Linear regression of %P (corrected) on d13C.
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Figure 5.  Linear regression of %P (corrected) on d15N.
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Data

		Sample ID		Date		Time		P (%)		P (mg/L)		correction		Corrected P		Corrected %P		d13C		d15N raw		d15N corr		%C		%N		C/N

		Spring Pumpback		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008								0		0		0

		Spring Raw		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway In		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Water		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway Out		7/6/01		12:00		0		0		0.08		0		0

		Raceway Out		7/6/01		15:00		0		0		0.08		0		0

		Raceway Out		7/6/01		18:00		0.000006		0.06		0.08		0.0048		0.00000048

		Raceway Out		7/6/01		21:00		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway Out		7/7/01		8:30		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway End		7/7/01		16:30		0.000002		0.02		0.08		0.0016		0.00000016

		Feed		7/6/01		9:00		0.62		6200		1		6200		0.62		-21.88		7.99		7.87		49.18		7.88		6.24

		Small Fish		7/6/01		9:00		0.87		8700		0.46		4002		0.4002		-20.47		11.47		11.4		50.26		9.05		5.55

		Large Fish		7/6/01		15:00		0.6		6000		0.46		2760		0.276		-22.10		10.98		10.9		58.35		7.94		7.35

		Feces		7/6/01		9:00		1.7		17000		0.46		7820		0.782		-23.18		6.24		6.1		40.02		3.87		10.34

		Feces		7/6/01		12:00		1.9		19000		0.46		8740		0.874		-22.52		6.67		6.6		32.66		3.78		8.64

		Feces		7/6/01		15:00		1.7		17000		0.46		7820		0.782		-23.36		5.99		5.9		35.54		3.77		9.43

		Feces		7/6/01		18:00		1.6		16000		0.46		7360		0.736		-22.79		5.95		5.8		34.70		3.55		9.77

		Feces		7/6/01		21:00		1.6		16000		0.46		7360		0.736		-22.75		7.67		7.6		36.24		3.42		10.60





Isotope 1

																						ACETANILIDE RESULTS

		Sample		%C		%N		C/N		d13C		volts		d15N raw		volts		d15N corr				%C		%N		C/N				d13C		d15N

		1 small fish		50.26		9.05		5.55		-20.47		5.10		11.47		3.8		11.4				70.05		10.25		6.83				-29.56		-1.72

		2 large fish		58.35		7.94		7.35		-22.1		3.10		10.98		2.7		10.9				70.77		10.50		6.74				-29.57		-1.59

		3 feces 0900		40.02		3.87		10.34		-23.18		7.80		6.24		1.5		6.1				71.57		10.57		6.77				-29.58		-1.55

		4 feces 1200		32.66		3.78		8.64		-22.52		5.40		6.67		1.3		6.6												-29.58		-1.61

		5 feces 1500		35.54		3.77		9.43		-23.36		7.20		5.99		1.5		5.9												-29.57		-1.55

		6 feces 1800		34.70		3.55		9.77		-22.79		7.10		5.95		1.4		5.8												-29.56		-1.54

		7 feces 2100		36.24		3.42		10.60		-22.75		5.60		7.67		1.1		7.6

		8 feed		49.18		7.88		6.24		-21.88		8.70		7.99		2.8		7.9

																						70.80		10.44		6.78		Mean		-29.57		-1.59

																						0.76		0.17		0.05		SD		0.01		0.07

																						0.57		10.36		6.86		True value		-29.59		-1.71





Isotope 2

		Sample		%C		%N		C/N				d13C		d15N corr

		1 small fish		50.26		9.05		5.55				-20.47		11.4

		2 large fish		58.35		7.94		7.35				-22.1		10.9

		3 feces 0900		40.02		3.87		10.34				-23.18		6.1

		4 feces 1200		32.66		3.78		8.64				-22.52		6.6

		5 feces 1500		35.54		3.77		9.43				-23.36		5.9

		6 feces 1800		34.70		3.55		9.77				-22.79		5.8

		7 feces 2100		36.24		3.42		10.60				-22.75		7.6

		8 feed		49.18		7.88		6.24				-21.88		7.9

		ACETANILIDE RESULTS

		%C		%N		C/N				d13C		d15N

		70.05		10.25		6.83				-29.56		-1.72

		70.77		10.50		6.74				-29.57		-1.59

		71.57		10.57		6.77				-29.58		-1.55

										-29.58		-1.61

										-29.57		-1.55

										-29.56		-1.54

		70.80		10.44		6.78		Mean		-29.57		-1.59

		0.76		0.17		0.05		SD		0.01		0.07

		0.57		10.36		6.86		True value		-29.59		-1.71






_1069064306.xls
Phosphorus 1

		Sample ID		Date		Time		Phosphorus

		Spring Pumpback		7/6/01		9:00		0.01

		Spring Raw		7/6/01		9:00		0.01

		Raceway In		7/6/01		9:00		0.01

		Raceway Out		7/6/01		9:00		0.01

		Raceway Out		7/6/01		12:00		ND

		Raceway Out		7/6/01		15:00		ND

		Raceway Out		7/6/01		18:00		0.06

		Raceway Out		7/6/01		21:00		0.02

		Raceway Out		7/7/01		8:30		0.02

		Raceway End		7/7/01		16:30		0.02

		Feed		7/6/01		9:00		0.62

		Small Fish		7/6/01		9:00		0.87

		Large Fish		7/6/01		15:00		0.6

		Feces		7/6/01		9:00		1.7

		Feces		7/6/01		12:00		1.9

		Feces		7/6/01		15:00		1.7

		Feces		7/6/01		18:00		1.6

		Feces		7/6/01		21:00		1.6





phosphorus

		0.375		1.7

		0.5		1.9

		0.625		1.7

		0.75		1.6

		0.875		1.6



&A

Page &P

Water

Feces

Time

Phosphorus (mg/L)

Phosphorus (%)

Figure 5.  Phosphorus concentrations in a commercial trout production raceway.
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Figure 1.  Linear regression of %P on d13C.

0.62

0.87

0.6

1.7

1.9

1.7

1.6

1.6



d15N on %P

		7.99

		11.47

		10.98

		6.24

		6.67

		5.99

		5.95

		7.67



d15N

%P

Figure 3.  Linear regression of %P on d15N.
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Figure 3.  Linear regression of %P (corrected) on d13C.
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Figure 4.  Linear regression of %P (corrected) on d15N.
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Data

		Sample ID		Date		Time		P (%)		P (mg/L)		correction		Corrected P		Corrected %P		d13C		d15N raw		d15N corr		%C		%N		C/N

		Spring Pumpback		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008								0		0		0

		Spring Raw		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway In		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Water		7/6/01		9:00		0.000001		0.01		0.08		0.0008		0.00000008

		Raceway Out		7/6/01		12:00		0		0		0.08		0		0

		Raceway Out		7/6/01		15:00		0		0		0.08		0		0

		Raceway Out		7/6/01		18:00		0.000006		0.06		0.08		0.0048		0.00000048

		Raceway Out		7/6/01		21:00		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway Out		7/7/01		8:30		0.000002		0.02		0.08		0.0016		0.00000016

		Raceway End		7/7/01		16:30		0.000002		0.02		0.08		0.0016		0.00000016

		Feed		7/6/01		9:00		0.62		6200		1		6200		0.62		-21.88		7.99		7.87		49.18		7.88		6.24

		Small Fish		7/6/01		9:00		0.87		8700		0.46		4002		0.4002		-20.47		11.47		11.4		50.26		9.05		5.55

		Large Fish		7/6/01		15:00		0.6		6000		0.46		2760		0.276		-22.10		10.98		10.9		58.35		7.94		7.35

		Feces		7/6/01		9:00		1.7		17000		0.46		7820		0.782		-23.18		6.24		6.1		40.02		3.87		10.34

		Feces		7/6/01		12:00		1.9		19000		0.46		8740		0.874		-22.52		6.67		6.6		32.66		3.78		8.64

		Feces		7/6/01		15:00		1.7		17000		0.46		7820		0.782		-23.36		5.99		5.9		35.54		3.77		9.43

		Feces		7/6/01		18:00		1.6		16000		0.46		7360		0.736		-22.79		5.95		5.8		34.70		3.55		9.77

		Feces		7/6/01		21:00		1.6		16000		0.46		7360		0.736		-22.75		7.67		7.6		36.24		3.42		10.60





Isotope 1

																						ACETANILIDE RESULTS

		Sample		%C		%N		C/N		d13C		volts		d15N raw		volts		d15N corr				%C		%N		C/N				d13C		d15N

		1 small fish		50.26		9.05		5.55		-20.47		5.10		11.47		3.8		11.4				70.05		10.25		6.83				-29.56		-1.72

		2 large fish		58.35		7.94		7.35		-22.1		3.10		10.98		2.7		10.9				70.77		10.50		6.74				-29.57		-1.59

		3 feces 0900		40.02		3.87		10.34		-23.18		7.80		6.24		1.5		6.1				71.57		10.57		6.77				-29.58		-1.55

		4 feces 1200		32.66		3.78		8.64		-22.52		5.40		6.67		1.3		6.6												-29.58		-1.61

		5 feces 1500		35.54		3.77		9.43		-23.36		7.20		5.99		1.5		5.9												-29.57		-1.55

		6 feces 1800		34.70		3.55		9.77		-22.79		7.10		5.95		1.4		5.8												-29.56		-1.54

		7 feces 2100		36.24		3.42		10.60		-22.75		5.60		7.67		1.1		7.6

		8 feed		49.18		7.88		6.24		-21.88		8.70		7.99		2.8		7.9

																						70.80		10.44		6.78		Mean		-29.57		-1.59

																						0.76		0.17		0.05		SD		0.01		0.07

																						0.57		10.36		6.86		True value		-29.59		-1.71





Isotope 2

		Sample		%C		%N		C/N				d13C		d15N corr

		1 small fish		50.26		9.05		5.55				-20.47		11.4

		2 large fish		58.35		7.94		7.35				-22.1		10.9

		3 feces 0900		40.02		3.87		10.34				-23.18		6.1

		4 feces 1200		32.66		3.78		8.64				-22.52		6.6

		5 feces 1500		35.54		3.77		9.43				-23.36		5.9

		6 feces 1800		34.70		3.55		9.77				-22.79		5.8

		7 feces 2100		36.24		3.42		10.60				-22.75		7.6

		8 feed		49.18		7.88		6.24				-21.88		7.9

		ACETANILIDE RESULTS

		%C		%N		C/N				d13C		d15N

		70.05		10.25		6.83				-29.56		-1.72

		70.77		10.50		6.74				-29.57		-1.59

		71.57		10.57		6.77				-29.58		-1.55

										-29.58		-1.61

										-29.57		-1.55

										-29.56		-1.54

		70.80		10.44		6.78		Mean		-29.57		-1.59

		0.76		0.17		0.05		SD		0.01		0.07

		0.57		10.36		6.86		True value		-29.59		-1.71






_1069064201.xls
Phosphorus 1

		Sample ID		Date		Time		Phosphorus

		Spring Pumpback		7/6/01		9:00		0.01

		Spring Raw		7/6/01		9:00		0.01

		Raceway In		7/6/01		9:00		0.01

		Raceway Out		7/6/01		9:00		0.01

		Raceway Out		7/6/01		12:00		ND

		Raceway Out		7/6/01		15:00		ND

		Raceway Out		7/6/01		18:00		0.06

		Raceway Out		7/6/01		21:00		0.02

		Raceway Out		7/7/01		8:30		0.02

		Raceway End		7/7/01		16:30		0.02

		Feed		7/6/01		9:00		0.62

		Small Fish		7/6/01		9:00		0.87

		Large Fish		7/6/01		15:00		0.6

		Feces		7/6/01		9:00		1.7

		Feces		7/6/01		12:00		1.9

		Feces		7/6/01		15:00		1.7

		Feces		7/6/01		18:00		1.6

		Feces		7/6/01		21:00		1.6
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Figure 1.  Linear regression of d13C on % P.
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Figure 2.  Linear regression of d15N on % P.
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Figure 3.  Linear regression of d13C on % P (corrected).
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Figure 4.  Linear regression of d15N on % P (corrected).
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Figure 1.  Phosphorus concentrations in a commercial trout production raceway.  Water sample data  is reported as mg/L P and solid sample data is reported as %P.
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Data

		Sample ID		Date		Time		P (%)		P (mg/L)		correction		Corrected P		Corrected %P		d13C		d15N raw		d15N corr

		Spring Pumpback		7/6/01		9:00		0.01		0.01		0.08		0.0008

		Spring Raw		7/6/01		9:00		0.01		0.01		0.08		0.0008

		Raceway In		7/6/01		9:00		0.01		0.01		0.08		0.0008

		Water		7/6/01		9:00		0.01		0.01		0.08		0.0008

		Raceway Out		7/6/01		12:00				0		0.08

		Raceway Out		7/6/01		15:00				0		0.08

		Raceway Out		7/6/01		18:00		0.06		0.06		0.08		0.0048

		Raceway Out		7/6/01		21:00		0.02		0.02		0.08		0.0016		6.50

		Raceway Out		7/7/01		8:30		0.02		0.02		0.08		0.0016

		Raceway End		7/7/01		16:30		0.02		0.02		0.08		0.0016

		Feed		7/6/01		9:00		0.62		6200		1		6200		0.62		-21.88		7.99		7.87

		Small Fish		7/6/01		9:00		0.87		8700		0.46		4002		0.4002		-20.47		11.47		11.4

		Large Fish		7/6/01		15:00		0.6		6000		0.46		2760		0.276		-22.10		10.98		10.9

		Feces		7/6/01		9:00		1.7		17000		0.46		7820		0.782		-23.18		6.24		6.1

		Feces		7/6/01		12:00		1.9		19000		0.46		8740		0.874		-22.52		6.67		6.6

		Feces		7/6/01		15:00		1.7		17000		0.46		7820		0.782		-23.36		5.99		5.9

		Feces		7/6/01		18:00		1.6		16000		0.46		7360		0.736		-22.79		5.95		5.8

		Feces		7/6/01		21:00		1.6		16000		0.46		7360		0.736		-22.75		7.67		7.6





Isotope 1

																						ACETANILIDE RESULTS

		Sample		%C		%N		C/N		d13C		volts		d15N raw		volts		d15N corr				%C		%N		C/N				d13C		d15N

		1 small fish		50.26		9.05		5.55		-20.47		5.10		11.47		3.8		11.4				70.05		10.25		6.83				-29.56		-1.72

		2 large fish		58.35		7.94		7.35		-22.1		3.10		10.98		2.7		10.9				70.77		10.50		6.74				-29.57		-1.59

		3 feces 0900		40.02		3.87		10.34		-23.18		7.80		6.24		1.5		6.1				71.57		10.57		6.77				-29.58		-1.55

		4 feces 1200		32.66		3.78		8.64		-22.52		5.40		6.67		1.3		6.6												-29.58		-1.61

		5 feces 1500		35.54		3.77		9.43		-23.36		7.20		5.99		1.5		5.9												-29.57		-1.55

		6 feces 1800		34.70		3.55		9.77		-22.79		7.10		5.95		1.4		5.8												-29.56		-1.54

		7 feces 2100		36.24		3.42		10.60		-22.75		5.60		7.67		1.1		7.6

		8 feed		49.18		7.88		6.24		-21.88		8.70		7.99		2.8		7.9

																						70.80		10.44		6.78		Mean		-29.57		-1.59

																						0.76		0.17		0.05		SD		0.01		0.07

																						0.57		10.36		6.86		True value		-29.59		-1.71





Isotope 2

		Sample		%C		%N		C/N				d13C		d15N corr

		1 small fish		50.26		9.05		5.55				-20.47		11.4

		2 large fish		58.35		7.94		7.35				-22.1		10.9

		3 feces 0900		40.02		3.87		10.34				-23.18		6.1

		4 feces 1200		32.66		3.78		8.64				-22.52		6.6

		5 feces 1500		35.54		3.77		9.43				-23.36		5.9

		6 feces 1800		34.70		3.55		9.77				-22.79		5.8

		7 feces 2100		36.24		3.42		10.60				-22.75		7.6

		8 feed		49.18		7.88		6.24				-21.88		7.9

		ACETANILIDE RESULTS

		%C		%N		C/N				d13C		d15N

		70.05		10.25		6.83				-29.56		-1.72

		70.77		10.50		6.74				-29.57		-1.59

		71.57		10.57		6.77				-29.58		-1.55

										-29.58		-1.61

										-29.57		-1.55

										-29.56		-1.54

		70.80		10.44		6.78		Mean		-29.57		-1.59

		0.76		0.17		0.05		SD		0.01		0.07

		0.57		10.36		6.86		True value		-29.59		-1.71






