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Abstract 
Managing fisheries that exhibit variable annual recruitment is challenging, and 
maintenance stockings are often prescribed to minimize interannual population vari-
ation. Maintenance stockings are costly and may not be necessary if sufficient nat-
ural recruitment is occurring. Therefore, developing tools and techniques that can 
collectively assess hatching origin and subsequent habitat use of individuals would 
be valuable. Herein, we aimed to assess the efficacy of otolith chemistry techniques 
to (1) determine whether there was evidence of natural recruitment within an annu-
ally stocked white bass population and (2) examine the potential to describe spatial 
reservoir use of these age-0 fish. A sample of hatchery-produced fingerling white 
bass (n = 17) was retained from a larger June 2015 stocking of white bass in Lake 
McConaughy, Nebraska, to characterize the hatchery fish natal elemental signatures. 
Age-0 white bass (n = 100) were then collected in Lake McConaughy in September 
2015 from 2 sections of the reservoir (upper and main) to assess both natal origin 
(hatchery versus natural) and habitat use (upper versus main) using otolith con-
centrations of 5 chemical constituents at the otolith core and otolith edge, respec-
tively. Otolith core signatures from the fall age-0 Lake McConaughy collected fish 
were different from the hatchery fish, indicating evidence for natural white bass 
recruitment. Otolith edge signatures were also distinct between fish collected from 
the upper and main sections of the reservoir. Otolith chemistry techniques can be 
useful for addressing challenges associated with managing erratic recruiting fish 
populations that are common to lake and reservoir systems. 

Keywords: Habitat use, Morone chrysops, otolith chemistry, recruitment, stock 

contribution 

Managing fish populations that exhibit highly variable recruitment is 
a common challenge. Many important sport fish populations undergo 
dramatic changes in population abundances that ultimately impact 
recreational fisheries (Willis et al. 2002, Kaemingk et al. 2014, Bog-
ner et al. 2016). For example, white bass (Morone chrysops) recruit-
ment is highly dynamic and often linked to abiotic conditions experi-
enced during their early life history (Beck et al. 1997, Pope et al. 1997, 
Dicenzo and Duval 2002, Guy et al. 2002). During some years these 
populations may produce strong year classes, but most years there 
may be little or no recruitment into the population. Since angler sat-
isfaction is often tied directly to catch rates, managing for boom and 
bust fisheries is not typically favored. 

One strategy to overcome inconsistent or erratic recruitment is to 
augment fish populations through supplemental or maintenance stock-
ings (Summerfelt 1999). Maintenance stockings afford the ability to 
increase the consistency of recruitment among years while preserving 
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overall population size to meet angler demands. While maintenance 
stockings can be effective, they may not always be necessary. Natu-
ral recruitment may be sufficient within a given year, whereby main-
tenance stockings become ineffective and, in some cases, futile (Li et 
al. 1996, Hoxmeier and Wahl 2002). However, identifying annual con-
tributions of natural and stocked fish within a population is difficult. 
Therefore, it is critical to develop tools and techniques that are able 
to distinguish the origin and movements of individual fish that are 
subject to maintenance stockings, such as those populations typified 
by erratic recruitment. 

Numerous researchers have utilized batch chemical marking tech-
niques to identify stock contribution (Dreves 2014, Lundgren et al. 
2014, Perrion et al. 2016), but these approaches lack unique identi-
fiers to track individual fish. For example, oxytetracycline (OTC) is 
often used to batch mark fish prior to stocking. These OTC marks 
are then used to assess the contribution of stocked fish at a later life 
stage (Lundgren et al. 2014, Perrion et al. 2016). Batch markings 
are useful for a coarse assessment of stock contribution, but they 
are unable to distinguish among recruits that derived from multiple 
stockings (e.g., through time) or multiple hatchery sources. Some 
batch marking techniques may also lead to low fingerling survival 
(as a result of chemical exposure) and the inability to subsequently 
read or distinguish these markings (i.e., high misclassification rates; 
Rutherford et al. 2002). Furthermore, batch markings are unable to 
track individual fish movements once they have been stocked (Dreves 
2014). Employing a technique that has the ability to assess both na-
tal source and habitat use of individual fish would improve under-
standing of fish performance. 

The Nebraska Game and Parks Commission (NGPC) has designated 
white bass as a priority management species in Lake McConaughy, Ne-
braska—Nebraska’s largest reservoir that receives some of the highest 
fishing pressure in the state (Pope et al. 2017). Since the population of 
white bass in Lake McConaughy exhibits erratic recruitment (Eichner 
2018), it is assumed that this sport fishery is almost entirely supported 
and maintained by annual stockings of hatchery reared fish. It would 
therefore be desirable to assess natal origin (i.e., hatchery versus nat-
ural) and track habitat use (i.e., upper versus main reservoir sections) 
of age-0 white bass in this fishery. Otolith chemistry has the desired 
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characteristics and ability to simultaneously assess natal source and 
habitat use among individual fish within a population (Sohn et al. 
2005, Schaffler and Winkelman 2008, Pangle et al. 2010, Hogan et al. 
2014, Carlson et al. 2016a). The objectives of our study were to assess 
the efficacy of otolith chemistry techniques to (1) determine whether 
there was evidence of natural recruitment in a white bass population 
that is putatively dependent on maintenance stockings and (2) exam-
ine the potential to track their movements within the reservoir after 
being stocked. This information could improve our ability to increase 
stocking efficiencies, develop habitat conservation plans, and further 
establish the efficacy of otolith chemistry as a stock contribution iden-
tifier for other important sport fish populations. 

Study site 

Lake McConaughy was created when the North Platte River was 
impounded by Kingsley Dam in 1941. The lake encompasses 121.4 
km2 and stores more than 20.9 million m3 of water at full pool with 
a maximum depth of 43 m. Water levels in the reservoir fluctuate 
yearly because of irrigation drawdown and variable precipitation. A 
drought occurred in 2012 and reduced Lake McConaughy to a sur-
face area less than 77 km2 (CNPPID 2016). During this study, eleva-
tion was 991.5 m above sea level and increased to 994.6 m in July 
2015, which was 98% full pool capacity. Lake McConaughy is sepa-
rated into 2 sections (Fig. 1) based on historic physicochemical dif-
ferences such as phosphate and nitrate nitrogen (Taylor and Hams 
1981). The upper section of the reservoir comprised the western 
third of the lake (101°57’5.57’’W to 101°52’0.13’’W), adjoining the 
North Platte River with the reservoir, and is characterized by river-
ine habitats. The main reservoir section comprised the remaining 
portion of the lake (101°52’0.13’’W to 101°41’2.61’’W) and is charac-
terized by lacustrine habitats. Sampling was initially randomly con-
ducted in shoreline sections that were divided into 0.5 km long sites 
within each of the upper (32 sampling sites) and main (64 sampling 
sites) sections of the reservoir, but subsequent sampling efforts were 
focused on successful collection sites. 
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Materials and methods 

Fish collection 

A subsample of white bass fingerlings was collected in June 2015 
from the North Platte Fish Hatchery and served as our hatchery sam-
ple; the remaining white bass fingerlings (n = 401,000) were stocked 
in Lake McConaughy in June 2015. Age-0 white bass were collected 
in September 2015 from Lake McConaughy using overnight experi-
mental gillnets (1.8×45.7 m; 19.1, 25.4, 31.8, 38.1, 50.8, 76.2 mm bar 
mesh sizes) and electrofishing (5–8 A pulsed DC at 100–200 V). Sam-
pling was initially randomly conducted in shoreline sections that were 
divided into 0.5 km long sites within each reservoir section (upper 
and main), but subsequent sampling focused on successful collection 
sites to reach a desirable sample size. We recorded total lengths for 
all fish sampled. 

Figure 1. Map of Lake McConaughy with designated upper and main sections of the 
reservoir based on physicochemical differences. 
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Otolith preparation 

Otoliths were extracted via a cut in the top of the skull following the 
method of Bickford and Hannigan (2005). White bass ages were veri-
fied (e.g., age-0) through otolith observation. Otoliths were stored in 
amber vials and allowed to dry. Once dry, the otoliths were embedded 
in thermoplastic cement with the sulcus side up and lightly sanded 
with a fine grit polishing pad on the sagittal plane to expose the core 
and edge growth increments (Bettoli and Maceina 1996). Immediately 
after sanding, the otoliths were washed with Milli-Q water multiple 
times to remove surface contamination. After drying, mounting tech-
niques described by Donohoe and Zimmerman (2010) were used to 
mount multiple otoliths on a single petrographic slide to reduce anal-
ysis time. All otoliths were transported to the University of Massachu-
setts–Boston Environmental Analytical Facility for chemistry analysis. 

Otolith element analysis 

Sectioned otoliths were analyzed with an inductively coupled 
plasma-mass spectrometer (ICPMS) to quantify signatures. Otoliths 
were ablated utilizing spot analysis techniques. The CETACLSX- 2/3 
system was utilized to ablate spots on the otoliths with consistent op-
erational parameters (20 Hz, 200 shots, 80% energy level) in conjunc-
tion with an ELAN DRC II ICP-MS for element quantification. Repeated 
10 mm spots were used: 3 spots were ablated on the core (i.e., hatch-
ing signature) for both hatchery and Lake McConaughy collected fish 
and 3 on the edge (i.e., signature just prior to collection) of each oto-
lith for the Lake McConaughy collected fish. Average elemental con-
centrations and ratios were calculated. For each ablation spot, a 10 s 
dwell time was followed by a 30 s washout time before the next spot 
was ablated on the otolith. Before each day’s analysis, argon nebulizer 
gas was adjusted to optimize 86Sr detectability and variability reduc-
tion (Coghlan et al. 2007). The ICPMS was linked to DigiLaz software 
and microanalytical carbonate standard 3 (MACS-3) was ablated before 
and after each analyzed otolith to evaluate and collect instrument drift. 

GeoPro software from CETAC technologies was used to merge 
the data for each otolith spot sample to estimate concentrations of 5 
different analytes (138Ba, 24Mg, 55Mn, 86Sr, and 88Sr). All analytes are 
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reported as element: 43Ca ratios (mmol/mol). The elemental concen-
trations were normalized to 43Ca concentration because 43Ca is con-
sidered a pseudointernal standard (Campana and Neilson 1985, Cam-
pana 1999). 

Natural recruitment 

Statistical methods 

To determine whether there was evidence of natural white bass re-
cruitment in Lake McConaughy, we chose to perform an unsupervised 
cluster analysis using otolith core signatures from the fall age-0 Lake 
McConaughy collected fish. We used 5 chemical constituents (elements 
and isotopes; 138Ba, 24Mg, 55Mn, 86Sr, and 88Sr) to identify the number 
of clusters (hereafter referred to as McConaughy natal groups). This 
approach allowed for an independent assessment of the number of 
potential natal sources (i.e., natural and/or hatchery) that recruited 
to the age-0 white bass Lake McConaughy population. We wanted to 
account for the possibility of multiple natal sources that could occur 
among several tributaries and reservoir sections, in addition to the ob-
vious hatchery contribution of fish. We used the R package “facto ex-
tra” to explore both partitional (K-means) and hierarchical (dendro-
gram) clustering methods for selecting the number of white bass natal 
groups (Hastie et al. 2009). Both approaches were congruent and re-
vealed the same number of groups based on the Ward method, which 
minimizes the total within-group variance (Aukema et al. 2006). 

We then compared the otolith core elemental signatures of our 
hatchery fish to each of the previously identified McConaughy na-
tal groups (resulting from our cluster analysis). Hatchery collected 
white bass were hatched and reared in a separate water source from 
Lake McConaughy. Therefore, we surmised that fish collected from the 
hatchery would have distinct otolith core elemental signatures com-
pared to fish that had naturally recruited in Lake McConaughy (i.e., 
since water sources were different). Therefore, if the McConaughy 
natal groups collected from the fall sample did not match the oto-
lith elemental concentrations from our hatchery group we could con-
clude that there was strong evidence for natural recruitment (i.e., 
fish were naturally produced). Our data failed to meet parametric 
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assumptions, so we conducted permutational multivariate analysis 
of variance (PERMANOVA) using the adonis function in the R pack-
age “vegan” to compare otolith elemental signatures among the Mc-
Conaughy and hatchery natal groups (Reis-Santos et al. 2012). A PER-
MANOVA calculates p values under permutation and does not require 
multivariate normality or explicit distribution assumptions (Ander-
son 2017). Variables were transformed (ln[x+1]) and dissimilarity ma-
trices were based on Euclidean distances. A significant PERMANOVA 
difference was followed by a posteriori univariate comparisons for all 
5 elements (Reis-Santos et al. 2012). Natal groupings were also visu-
ally assessed using nonmetric multidimensional scaling (NMDS) and 
an ordination plot was created from the otolith core elemental signa-
tures for each natal group with Euclidian distance measure using the 
R package “vegan” (Oksanen et al. 2008). We fitted 95% confidence 
interval ellipses for each natal group and plotted the direction and 
strength of each element, using the envfit function, as a visual repre-
sentation of the differences among natal groups. 

Using the results from the PERMANOVA, we selected elements 
that significantly differed among the natal groups to assess our abil-
ity to correctly classify fish into their respective natal groupings. We 
used Random Forest, a machine learning technique, to discriminate 
fish among the McConaughy and hatchery natal groups using the R 
package “random Forest” (Breiman et al. 2018). Random Forest is 
based on classification trees that are built from a random bootstrap 
resampling (with replacement) of the data. This technique has many 
benefits (e.g., no a priori distributional assumptions) and thus is the 
preferred method for classifying fish based on otolith chemistry sig-
natures (Mercier et al. 2011). We conducted a grid search to identify 
the most appropriate number of variables to randomly sample as can-
didates for each split using the R package “caret” (Kuhn 2008). The 
number of trees grown was set at 500 (i.e., default) to ensure that 
each data row was predicted multiple times. We randomly split our 
data into a training data set (75% of the fish) and a predictive data 
set (remaining 25% of the fish). The predictive data set allowed us to 
estimate the classification accuracy in terms of correct re-assignment 
by way of a cross-validation procedure. We also evaluated the contri-
bution of each element to the global discrimination using the mean 
decrease in Gini coefficient (Archer and Kimes 2008). 
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Spatial distinction 

Statistical methods 

Our second objective was to assess the ability to define spatial res-
idence of fish within the reservoir, using otolith chemistry signatures 
from the otolith edge. The otolith edge represents the signatures just 
prior to collection and therefore should represent localized habitat use 
for these age-0 white bass. We took a similar approach as the first ob-
jective, but instead of comparing otolith core signatures among fish 
we used otolith edge signatures. Thus, a PERMANOVA was computed 
to compare otolith edge signatures between fish collected from the up-
per and main sections of the reservoir. Univariate comparisons were 
made for each of the 5 elements following a significant PERMANOVA. 
We then selected the significant elements that differed between the 2 
reservoir sections for classification purposes, using the Random For-
est procedure and approach previously described. 

Results 

We collected 17 white bass fingerlings (mean length: 41.1 mm; 
range: 30–48mm) in June 2015 from the North Platte Fish Hatchery. 
We then collected a total of 100 (mean length: 119.7; range: 69–193 
mm) age-0 white bass in September 2015 that had recruited to the fall 
age- 0 population. Of the 100 age-0 white bass collected from Lake 
McConaughy, in total 39 fish (mean length: 162.2 mm; range: 121–193 
mm) were collected in the upper section and 61 (mean length: 92.5 
mm; range: 69–149 mm) in the main section of the reservoir. 

Natural recruitment 

Our cluster analysis on the otolith core elemental signatures of the 
age-0 white bass collected from Lake McConaughy revealed 2 distinct 
McConaughy natal groups. Of the 100 age-0 white bass collected from 
Lake McConaughy, 74 fish were grouped into McConaughy natal group 
1 and the remaining 26 fish were grouped into McConaughy natal 
group 2 (Fig. 2). Signatures of the 5 chemical constituents (elements 
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and isotopes) taken from the otolith core were significantly differ-
ent among the 2 McConaughy natal groups and the hatchery natal 
group of fish (Pseudo-F = 183.4, df = 2, Pperm < 0.001; Fig. 3). Pair-
wise comparisons among all 3 natal groups revealed that all groups 
were different (P<0.05). Post hoc univariate analyses confirmed that 
all 5 elements were significantly different among the 3 natal groups 
with variation in 138Ba:43Ca (Pseudo-F = 17.1, df = 2, Pperm < 0.001), 
24Mg:43Ca (Pseudo-F = 16.0, df = 2, Pperm < 0.001), 55Mn:43Ca (Pseudo-F 
= 3.6, df = 2, Pperm = 0.03), 86Sr:43Ca (Pseudo-F = 196.3, df = 2, Pperm < 
0.001), and 88Sr:43Ca (Pseudo-F = 165.2, df = 2, Pperm < 0.001; Fig. 3). 

In general, classification accuracy of our Random Forest model 
was quite high for assigning fish into their respective natal groupings  
(Table 1). Classification accuracy was higher for fish in the 2 McCo-
naughy natal groups (natal group 1 = 94%; natal group 2 = 83%) com-
pared to the hatchery natal group (66%). Otolith core elements 138Ba, 
86Sr, and 88Sr contributed most to their assignment accuracy, based on 
mean decrease in Gini coefficient. 

Figure 2. Visualizing differences (NMDS plot) among natal groups using 138Ba:43Ca, 
24Mg:43Ca, 55Mn:43Ca, 86Sr:43Ca, and 88Sr:43Ca with hatchery fish (n = 17) in red, up-
ward-facing triangles, McConaughy natal group 1 (n = 74) in green boxes, and Mc-
Conaughy natal group 2 (n = 26) in blue, downwardfacing triangles (with 95% 
confidence interval [CI] ellipses). Arrows represent underlying element:43Ca ratio 
differences (strength and direction). 
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Table 1. Predicted natal group assignment and accuracy (%) of white bass finger-
lings collected from the North Platte Fish hatchery and age-0 white bass collected 
from Lake McConaughy (derived from cluster analysis) using otolith core ratios of 
138Ba:43Ca, 24Mg:43Ca, 55Mn:43Ca, 86Sr:43Ca, and 88Sr:43Ca. We used 75% of the data to 
train the Random Forest model and used the remaining 25% of the data to measure 
the percent classification accuracy. Bold text indicates the number of fish and per-
centage (in parentheses) that were correctly assigned to their respective natal group. 

Natal group Number of fish  Predicted  Predicted  Predicted 
  Lake McConaughy  Lake McConaughy hatchery 
  (natal group 1)   (natal group 2)  

Lake McConaughy  18  17 (94%)  1 (6%)  0 (0%)  
   (natal group 1)

Lake McConaughy  6  0 (0%)  5 (83%)  1 (17%)  
   (natal group 2)

Hatchery  6  0 (0%)  2 (33%)  4 (66%) 

Figure 3. Differences in 24Mg:43Ca, 55Mn:43Ca, 138Ba:43Ca, 86Sr:43Ca, and 88Sr:43Ca 
(from the otolith core) among 2 Lake McConaughy white bass natal groups (de-
rived from cluster analysis) and hatchery fish. Differences assessed using a PER-
MANOVA and asterisks denote significant differences among groups (hatchery ver-
sus McConaughy natal groups) for each element:43Ca ratio. 
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Spatial distinction 

Otolith edge signatures of the 5 elements were significantly differ-
ent between fish collected from the upper and main sections of the 
reservoir (Pseudo-F = 11.7, df = 1, Pperm < 0.001; Fig. 4). Post hoc uni-
variate analyses confirmed that 4 of the 5 elements were significantly 
different between the 2 reservoir sections. Fish collected from the up-
per section of the reservoir exhibited lower signatures of 138Ba:43Ca 
(Pseudo-F = 40.8, df = 1, Pperm < 0.001) and 86Sr:43Ca (Pseudo-F = 5.8, 
df = 1, Pperm = 0.02), but higher levels of 24Mg:43Ca (Pseudo-F = 26.4, 
df = 1, Pperm < 0.001) and 55Mn:43Ca (Pseudo-F = 21.0, df = 1, Pperm = 
0.03). However, there was no difference in 88Sr:43Ca between white 
bass collected from the 2 reservoir sections (Pseudo-F = 2.0, df = 1, 
Pperm = 0.15). 

Figure 4. Differences in 24Mg:43Ca, 55Mn:43Ca, 138Ba:43Ca, 86Sr:43Ca, and 88Sr:43Ca 
(from the otolith edge) between juvenile white bass collected from 2 sections of 
Lake McConaughy, Nebraska. Differences assessed using a PERMANOVA and aster-
isks denote significant differences between groups (upper versus main reservoir) 
for each element:43Ca ratio. 
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Classification accuracy of our Random Forest model was higher for 
fish collected in the main section of the reservoir (100%) compared to 
fish collected from the upper section of the reservoir (75%; Table 2). 
Otolith core elements 138Ba and 55Mn contributed most to their assign-
ment accuracy, according to their mean decrease in Gini coefficient. 

Discussion 

Otolith chemistry techniques were useful for estimating sources of 
recruitment and habitat use within an erratic recruiting white bass 
population that is annually stocked. We found evidence for natural re-
cruitment in Lake McConaughy for white bass. Otolith core elemental 
signatures were different between age-0 fish collected from Lake Mc-
Conaughy and fish collected from the hatchery, suggesting that most 
age-0 recruits were naturally produced. Furthermore, our ability to 
discriminate fish collected from the upper and main sections of the 
reservoir provides support for potentially tracking individual move-
ments of fish within the reservoir, at least at a coarse spatial level. 
The outcome of this study provides insight for the utility of otolith 
chemistry techniques to address multiple management questions in 
a reservoir that is supplementally stocked because of highly variable 
recruitment. 

A large proportion of the Lake McConaughy white bass year class 
appears to have derived from natural recruitment, with low repre-
sentation of the 401,000 white bass fingerlings that were stocked in 
Lake McConaughy in 2015. White bass are known to have variable 

Table 2. Predicted lake section assignment and accuracy (%) of fish collected from 
the upper and main sections of Lake McConaughy using white bass otolith edge ra-

tios of 24Mg:43Ca, 55Mn:43Ca, 138Ba:43Ca, and 86Sr:43Ca. We used 75% of the data 
to train the Random Forest model and used the remaining 25% of the data to mea-
sure the percent classification accuracy. Bold text indicates the number of fish and 
percentage (in parentheses) that were correctly assigned to their respective lake 
section. 

Lake section  Number of fish  Predicted main section  Predicted upper section 

Main  9  9 (100%)  0 (0%) 

Upper  16  4 (25%)  12 (75%)
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recruitment based on environmental conditions, and in 2015 NGPC 
observed a strong year class of white bass in Lake McConaughy that 
appeared to be naturally produced (Eichner 2018). However, we can-
not dismiss the possibility of some contribution of hatchery fish to 
the population. One of our largest McConaughy natal groups (74% of 
the sample) was clearly different from the hatchery natal group and 
had 94% classification success (Carlson et al. 2016b). However, oto-
lith core elemental signatures of the smaller McConaughy natal group 
(26% of the sample) were different, but some may have been misclas-
sified as hatchery fish (17%). A few hatchery fish may have been col-
lected and been subsequently classified as part of the smaller McCo-
naughy natal group. While we did not set out to specifically identify 
the percent contribution of natural versus hatchery produced fish, we 
interpret our findings to suggest that there is evidence of natural re-
cruitment and that these naturally produced fish could have formed 
the basis of the 2015 year class in Lake McConaughy. Future studies 
aiming to use otolith chemistry techniques, specifically validating na-
tal origin of hatchery fish, could benefit from a secondary mark (i.e., 
genetic or microwire tag). Determining the distribution of hatchery 
fish post stocking would also provide valuable insight into early life-
history characteristics and catchability assumptions that would im-
pact study results. We should anticipate interannual variation in the 
contribution of naturally produced fish and stocking success; otolith 
chemistry techniques may provide the necessary tool to track and as-
sess this variation through time and space. 

High spring inflows were observed during this study, which may 
have aided natural recruitment of age-0 fish within this system. In-
creased spring flow rates were reported to promote recruitment of 
white bass (Dicenzo and Duval 2002, Guy et al. 2002). Other studies 
found high annual and spring inflows, increases in reservoir eleva-
tion and storage, high rates of spring water-level changes, and June 
daily air temperatures to all positively influence white bass recruit-
ment (Beck et al. 1997, Pope et al. 1997, DeBoer and Pope 2015). Dur-
ing this study, high elevation and spring inflows both occurred, which 
likely contributed to the strong naturally produced year class of white 
bass in Lake McConaughy (Eichner 2018). It is also worthwhile to note 
that we identified 2 natal sources that were naturally produced within 
Lake McConaughy. These 2 natal sources could indicate 2 separate 
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geographic locations (e.g., tributary and reservoir) or 2 temporal co-
horts (e.g., early and late) that hatched in the same geographic loca-
tion (or some combination of these possibilities). Understanding re-
cruitment dynamics and the associated environmental conditions that 
shape survival could aid with determining which years require main-
tenance stockings to meet management objectives and identifying crit-
ical spawning habitats within the reservoir. 

Determining spatial use of individual fish within a waterbody is 
particularly useful for understanding fish recruitment. We were able 
to discriminate age-0 fish that were collected from the upper and 
main sections of the reservoir. The physicochemical differences be-
tween these sections of the reservoir likely aided our ability to pre-
dict their spatial location based on otolith chemistry signatures. It 
is also plausible that these differences reflect other spatial locations 
(i.e., not upper and main sections) of the reservoir, since white bass 
are known for their schooling behavior. In either case, it appears that 
otolith chemistry techniques may have the ability to track movement 
patterns of individual fish within this reservoir and furthermore the 
potential to identify specific spawning locations and associated hab-
itat characteristics (Bickford and Hannigan 2005, Gibson-Reinemer 
et al. 2009, Carlson et al. 2016a). Otolith chemistry techniques could 
also be used to assess relative survival of individual fish stocked at 
different locations (e.g., boat ramps versus offshore) and times (e.g., 
spring versus fall). This information could be used to stratify stocking 
locations and the timing of stocking to improve survivability of differ-
ent cohorts, especially to avoid high predation rates (Buckmeier et al. 
2005). The ability to trace individual fish back to their natal spawn-
ing habitat or stocking location within a waterbody would be of tre-
mendous value for developing and guiding habitat conservation plans 
(Hayden et al. 2011). 

Our study provided significant support for using otolith chemistry 
techniques to assist with decisions surrounding the management of 
sport fish that exhibit erratic recruitment, which is common among 
many fish species that inhabit lake and reservoir systems. Future oto-
lith chemistry studies should consider the most appropriate statisti-
cal method and technique for their question, especially those related 
to classification (see Mercier et al. 2011). We chose to use a Random 
Forest model to evaluate recruitment and spatial assignment, given 
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that it was more efficient, was easier to interpret, had fewer assump-
tions, and most importantly performed better than other available 
models such as linear discriminant analysis, quadratic discriminant 
analysis, and artificial neural networks (Mercier et al. 2011). Otolith 
chemistry techniques will likely aid in optimizing fishery resources, 
such as stocking efforts and habitat improvements that are necessary 
to efficiently manage sport fish populations for anglers. We anticipate 
that fish populations will likely undergo even greater variation in nat-
ural recruitment with changing climatic conditions or lower overall 
recruitment with the aging of many reservoirs (Kimmel and Groeger 
1983, Joeckel and Diffendal 2004). These biotic and abiotic changes 
may require a modification of current stocking strategies and prior-
itization of certain habitats to promote natural recruitment and op-
timize stocking efforts. Modern tools and techniques, such as otolith 
chemistry, will be instrumental to better understand fish population 
dynamics and fishery management challenges. 
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