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X = ThisFish(J,K);
C = corrcoef(X);
pcolor(C); colorbar; title([' Fish number ', int2str(k)]);

MA13B03  Bore Concentration (in ppm) 18-Jun-09
Region  25Mg   55Mn     86Sr            137Ba
72057  67.32    2.2729  48 4.5838   9.2935
72307  84.317  2.7362  58 7.2365   6.0177
72558  41.529  1.0036  42 7.4474   1.5675
72808  89.441  2.8098  60 5.7103   2.3132
73058  96.388  2.4895  51 5.1415   2.1425
73308  85.308  1.3986  65 0.652     4.7139
73558  72.097  3.7742  48 2.4357   3.2016
73809  78.722  2.4026  45 8.8063   6.2335
74059  116.88  1.4775  43 8.4155   4.5668
74309  103.10  1.6513  66 9.4078   6.5032
74559  49.419  3.4569  49 5.4091   5.8633
74809  66.721  1.8507  43 1.4049   6.5447

Annually ~2 million young of year Steelhead, Oncorhynchus mykiss, are released into Lake Erie tributaries from 
hatcheries in Michigan, Ohio, Pennsylvania, and New York. Little information is available for fisheries managers after 
they are released. Otolith chemistry is a prospective method for gaining information on the movement and mixing of 
individuals when in the Lake, and their extent of philopatry, when spawning runs are staged.  Otoliths are hard 
calcareous structures in the inner ear of fish that grow throughout their life. As they grow, fish incorporate chemical 
elements in the otoliths proportional to the chemical signatures found in their surrounding water. Recognizing that 
different areas have unique water chemistry, otolith chemistry can, potentially, allow entire fish populations to be 
identified without artificially marking every individual. The goal of several ongoing studies is to distinguish hatchery 
signatures through otolith chemistry. This project is a component of the previously mentioned studies using 
exploratory data analysis techniques in an attempt to differentiate otolith chemistry data from several hatcheries. 

Introduction

Methods
ωOtolith data was obtained from the Aquatic Ecology and Fisheries Laboratory
ωOtolith chemistry is determined using Laser Ablation Mass Spectrometry
ω5ŀǘŀ ǎǳōǎŀƳǇƭŜǎ ǿŜǊŜ ǳǎŜŘ ƛƴ ŀƴŀƭȅǎƛǎΣ ŘŜǘŜǊƳƛƴŜŘ ōȅ ǇŀǊŀƳŜǘŜǊǎ ǎǳƛǘŀōƭŜ ǘƻ

maintain data integrity and promote analysis techniques 
ω!ƴŀƭȅǎƛǎ ǿŀǎ ǇŜǊŦƻǊƳŜŘ ǳǎƛƴƎ a!¢[!.

Sample Partial Data Set

Data Analysis 

ωCode was written to perform several  exploratory data analysis techniques

ω tǊƻŘǳŎǘǎ ǿŜǊŜ ǘƘŜƴ ŀǎǎŜǎǎŜŘ ǘƻ ŘŜǘŜǊƳƛƴŜ  ǾƛŀōƭŜ ǇǊƻŎŜǎǎŜǎ ŦƻǊ ŘƛǎŎǊƛƳƛƴŀǘƛƴƎ
between  hatcheries 

ω 9ȄŀƳǇƭŜǎ ƻŦ ǘŜŎƘƴƛǉǳŜǎ ǳǎŜŘ ŀǊŜ ƛƭƭǳǎǘǊŀǘŜŘ ƛƴ  ŦƛƎǳǊŜǎ мΣн ŀƴŘ о
ω5ŀǘŀ ŦƛƭǘŜǊƛƴƎ ŘŜǇƛŎǘǎ  ǘƘŜ Dŀǳǎǎƛŀƴ Ŧƛǘ ŎǳǊǾŜ ǳǎŜŘ ǘƻ ŎƻǊǊŜŎǘ ŦƻǊ  Řŀǘŀ ǎŜǘǎ

with  outliers due to processing error (fig. 1)
ω/ƻǊǊŜƭŀǘƛƻƴ Pcolors graphs are a graphical representation of the
coefficient matrices  of data sets. (fig.2)
ω aƛƴƛƳǳƳ {ǇŀƴƴƛƴƎ ¢ǊŜŜǎ ŀǊŜ ŀƴƻǘƘŜǊ ǊŜǇǊŜǎŜƴǘŀǘƛƻƴ ƻŦ ŎƻǊǊŜƭŀǘƛƻƴ
showing which elements within a data set are  the most closely  
correlated (fig. 3)

Data Filtering fiig. 1

Unacceptable Data Set Acceptable Data Set

Gaussian Fit Curves

s=fit.gaussian(X87Rb,bins,m,sd)
> cbind(s$counts, sqrt(s$counts), s$probs, s$expected, 
+     sqrt(s$expected), sqrt(s$counts)-sqrt(s$expected))
> lines(bin.mids,sqrt(s$expected),lwd=4,col="red")

Correlation Pcolor Graphs fig.2

Minimum Spanning Trees fig. 3

Conclusions
Given results from methods used thus far on preliminary data sets, exploratory data analysis 

techniques show promise in distinguishing among hatcheries using otolith chemistry from young of year 
steelhead. Final data sets have been compiled, and these techniques, along with others, will be further 
investigated. Methods will, also, be explored to include analysis of adult fish, categorizing them by 
hatcheries from which they were released.

function []= FishTree(FishNumber)
FishGlobals
Sam=FishInfo(FishNumber).ColumnCorrs;
BGsam = biograph(1-(Sam+1)/2,[],'ID',int2str(FishNumber));
Tsam = minspantree(BGsam);
h=view(biograph(Tsam,[],'Label',int2str(FishNumber)));
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