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ABSTRACT
We investigated the ability of otolith stable nitrogen isotope ratio (15N)
to discriminate among fishes from southern Illinois streams that differed in
proportions of watershed agricultural land. Otolith 15N was nearly as effective
as muscle 15N in identifying fishes from individual sites with different
percentages of agricultural land cover; both had accuracies of >75%. However,
because of the relatively low N content of otoliths, substantial amounts (~8 mg)
of otolith material are required for 15N analysis compared to fish muscle tissue
(~0.3 mg), which precludes the use of otolith 15N as an indicator of dietary and
environmental history for small fishes.
Measurements of otolith 15N have not previously been reported, but nitrogen is
present in otoliths because they contain small amounts of protein (Campana 1999). If
otolith 15N reflects fish diet and environment like muscle 15N, then otolith 15N could be
used as an indicator of a fish’s dietary and environmental history that would not be subject
to subsequent metabolic alteration, as is tissue 15N. Otolith and muscle 15N could also
potentially be measured simultaneously to provide insights into both recent (from muscle
15N) and past (from otolith 15N) diets and environments.
We collected fishes from one site in each of six streams in southern Illinois during
September and October 2006. Sampling locations encompassed a broad range of
watershed land cover, from primarily forested to predominantly agricultural catchments.
The selected streams were in separate watersheds, which strongly limited the possibility of
fish movement among these streams. Species collected included bluegill (Lepomis
macrochirus), longear sunfish (L. megalotis), green sunfish (L. cyanellus), and warmouth
(Chaenobryttus gulosus), and six to eight individuals (63-154 mm total length) were
collected from each stream. Fishes were euthanized with MS-222, placed on ice for
transport to the laboratory, and stored at -10° C until removal of otoliths and muscle
samples.
Sagittal otoliths were removed using forceps, blotted to remove organic residue,
rinsed with distilled water, and air dried. One otolith per fish was retained for stable
isotope analysis when the mass of an individual otolith was > 8 mg (corresponds to fish >
~95 mm total length); otherwise, both sagittal otoliths from an individual fish were
combined to provide sufficient material for analysis. A dorsal muscle plug (~0.5 g) was
removed from each fish and dried at 60º C for 48 h. Otolith and muscle samples were
ground to a flour-like consistency using a mortar and pestle. Nitrogen isotopic composition
(15N) of samples was analyzed with a Costech ECS 4010® elemental analyzer interfaced
with a ThermoFinnigan Delta Plus XP® isotope ratio mass spectrometer. Mean coefficient
of variation among replicate measurements was 3.1% for otolith samples and 1.9% for
muscle samples.
We found a highly significant positive correlation between muscle 15N and otolith
15
 N for individual fish (p<0.0001), with muscle 15N averaging 1.1‰ (± 0.2 ‰ SE) higher
than otolith 15N within individual fish (p<0.0001). No significant differences in mean
otolith 15N or mean muscle 15N were detected among species within each of the three
sites where multiple individuals of two species were collected (Wilcoxon rank-sum test;
p>0.1 in all cases).

Percentage of agricultural and percentage of forested land in the watershed for each
sampling site were determined from the Illinois Department of Agriculture’s Land Cover of
Illinois 1999-2000 GIS database (IDA 2007), and these ranged from 18 to 74% for
agricultural land and from 16 to 84% for forested land. Both fish muscle and otolith 15N
were positively correlated with percentage of watershed agricultural land (r = 0.89 and
0.81, respectively, p<0.0001; Fig. 1) and negatively associated with percentage of forested
land in watersheds (p<0.0001). One-way analysis of variance followed by Duncan’s
multiple range test showed that mean otolith 15N and mean muscle 15N were both
significantly different among sites (p<0.0001).
Significant correlations that we observed between both muscle and otolith 15N and
percentage of agricultural land were likely due to differences in 15N signatures of stream
water dissolved inorganic N that were passed through food webs to fish (Anderson and
Cabana 2005). The mechanism underlying differences in fish 15N signatures among
streams draining primarily forested and predominantly agricultural lands in our study area
is unknown. However, other researchers have noted elevated 15N of stream water nitrate
associated with agricultural activities (Harrington et al. 1998, Lake et al. 2001, Chang et al.
2002), suggesting that anthropogenic sources of nitrate in streams draining watersheds
with higher percentages of agricultural land use were likely responsible for observed
differences in fish 15N among streams. Our results indicated no significant differences in
15N among species that occupied the same trophic level (insectivores) within sites; thus,
combining species for analysis of inter-site differences in 15N was justified.
Linear discriminant function analysis indicated classification accuracies of 75-100%
for assigning individual fish to streams draining watersheds with low (<20%), moderate
(25-40%), and high (>60%) percentages of agricultural land based on muscle 15N (Table
1). Corresponding classification successes using otolith 15N ranged from 58 to 91% and
were lower than those of muscle 15N in all cases. Classification accuracies for individual
fish to stream types were higher for sites with <20% and >60% watershed agricultural
land use compared to streams with intermediate (25-40%) percentages of watershed
agricultural land. Misclassifications were most common among sites with low and
moderate percentages of watershed agricultural land use. Only one individual collected
from a site with a high percentage of agricultural land was not assigned to that site
category (based on otolith 15N), and only one individual from a site with an intermediate
percentage of watershed agricultural land was misclassified as having been captured in a
stream with >60% agricultural land in its watershed.
Otolith and muscle 15N are both potential indicators of fish environmental history
when differences in producer 15N among habitats are passed through food webs to fish.
Otoliths are metabolically inert and will retain 15N signatures of previous environments
and diets permanently, although because of their relatively low N content (~0.15 % N)
substantially more otolith material (~8 mg) is required for 15N analysis compared to fish
muscle tissue (~0.3 mg). The relatively large amount of otolith material required for 15N
analysis precludes detailed reconstructions of fish dietary and environmental history that
are possible with stable isotope ratios of other elements (Joukhadar et al. 2002, Kennedy et
al. 2002, Whitledge et al. 2007). However, reconstruction of fish dietary and environmental
history using 15N could be accomplished by using multiple tissues and structures (possibly
including otoliths) with different N turnover rates (Hobson 1999, Logan et al. 2006,

MacNeil et al. 2006). For fish whose otoliths substantially exceed 8 mg, 15N of subsamples
from the otolith core region could provide insights into past diet and habitat use that would
otherwise be impossible to obtain when signatures from former diets in metabolically
active tissues are obscured by 15N of more recent diets.
ACKNOWLEDGMENTS
The REACH (Research Enriched Academic Challenge) and Undergraduate
Assistantship programs at Southern Illinois University Carbondale provided financial
support for this research. We thank the Alaska Stable Isotope Facility, University of AlaskaFairbanks for sample analysis. We also thank Nick Wahl and John Zeigler for assisting with
selection of sampling sites and fish collection.

LITERATURE CITED
Anderson, C. and G. Cabana. 2005. 15N in riverine food webs: effects of N inputs
from agricultural watersheds. Canadian Journal of Fisheries and Aquatic Sciences
62:333-340.
Campana, S.E. 1999. Chemistry and composition of fish otoliths: pathways,
mechanisms and applications. Marine Ecology Progress Series 188:263-297.
Chang, C.C.Y., C. Kendall, S.R. Silva, W.A. Battaglin, and D.H. Campbell. 2002.
Nitrate stable isotopes: tools for determining nitrate sources among different land
uses in the Mississippi River Basin. Canadian Journal of Fisheries and Aquatic
Sciences 59:1874–1885.
Harrington, R.R., B.P. Kennedy, C.P. Chamberlain, J.D. Blum, and C.L. Folt. 1998.
15N enrichment in agricultural catchments: field patterns and applications to
tracking Atlantic salmon (Salmo salar). Chemical Geology 147:281-294.
Hobson, K.A. 1999. Tracing origins and migration of wildlife using stable isotopes: a
review. Oecologia 120:314–326.
IDA (Illinois Department of Agriculture). 2007. Land cover of Illinois 1999-2000.
Available: http://www.agr.state.il.us/gis/stats/landcover (February 2007).
Joukhadar, Z., W.P. Patterson, T.N. Todd, and G.R. Smith. 2002. Temperature
history of Coregonus artedi in the St. Marys River, Laurentian Great Lakes, inferred
from oxygen isotopes in otoliths. Ergebnisse der Limnologie 57:453-461.
Kennedy, B.P., A. Klaue, J.D. Blum, C.L. Folt, and K.H. Nislow. 2002.
Reconstructing the lives of fish using Sr isotopes in otoliths. Canadian Journal of
Fisheries and Aquatic Sciences 59:925-929.
Lake, J.L., R.A. McKinney, F.A. Osterman, R.J. Pruell, J. Kiddon, S.A. Ryba, and
A.D. Libby. 2001. Stable nitrogen isotopes as indicators of anthropogenic activities
in small freshwater systems. Canadian Journal of Fisheries and Aquatic Sciences
58:870–878.
Logan, J., H. Haas, L. Deegan, and E. Gaines. 2006. Turnover rates of nitrogen
stable isotopes in the salt marsh mummichog, Fundulus heteroclitus, following a
laboratory diet switch. Oecologia 147:391-395.
MacNeil, M.A., K.G. Drouillard, and A.T. Fisk. 2006. Variable uptake and
elimination of stable nitrogen isotopes between tissues in fish. Canadian Journal of
Fisheries and Aquatic Sciences 63:345–353.
Whitledge, G.W., B.M. Johnson, P.J. Martinez, and A.M. Martinez. 2007. Sources
of non-native centrarchids in the upper Colorado River revealed by stable isotope
and microchemical analyses of otoliths. Transactions of the American Fisheries
Society 136:1263-1275.

aCorresponding

author; E-mail: gwhit@siu.edu

Table 1. Results of linear discriminant function analysis showing classification

accuracy (determined by jackknife procedure) for individual fish to streams
draining watersheds with low (<20%), moderate (25-40%) and
high (>60%) percentages of agricultural land use (AG) based on otolith
15N (‰) and muscle 15N (‰). n=number of fish per stream type.
______________________________________________________________________________
Assigned stream type
_________________________________
Source stream n
Sample
<20% AG 25-40% AG >60% AG %
type
type
Correct
______________________________________________________________________________
< 20 % AG

12

Otolith
10
2
0
Muscle
11
1
0
25-40% AG
12 Otolith
4
7
1
Muscle
2
9
1
>60% AG
11
Otolith
0
1
10
Muscle
0
0
11
______________________________________________________________________________

83
92
58

75
91
100

Figure Captions
Figure 1. Mean otolith 15N (‰, solid symbols ± standard error) and mean muscle
15N (‰, open symbols, ± standard error) for sunfishes from six southern
Illinois streams in relation to percentage of watershed agricultural land.
For a given sample type, means with the same letter are not significantly
different (p>0.05).
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