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Abstract

Biodiversity monitoring data provides an important source of ecological evidence about
native and invasive species trends. A high priority for many conservation agencies is to
understand how habitat use, biotic interactions, and human impacts affect declining and
uncommon fish, especially those listed as threatened or endangered species. However,
quantitative analysis of biodiversity datasets at the state-wide or regional scales that are useful
for management is a challenge. More specifically high variability, small sample sizes,
uncontrolled underlying heterogeneity, and the violation of statistical assumptions can increase
ambiguous results between studies, mask important trends, create spurious statistical patterns, or
increase unassigned error. These quantitative difficulties can prevent conservation professionals
from learning all they can about existing data. The purpose of this research is to modify and test
a systematic approach to analyzing existing field monitoring data to extract insights, identify
gaps, and guide future actions for research and management. For this purpose, we use the
specific test case of Topeka Shiner (Notropis topeka), a native Great Plains fish species that is
listed as federally-endangered and Kansas-threatened. Chapter 1 illustrates how comparing
outputs of multiple statistical methodologies applied to the same dataset (multiple logistic
regression vs random forest analyses) can corroborate consistent ecological trends on which
professionals can build and diagnose inconsistent results that require further examination.
Chapter 2 applies an existing 12-step adaptive management framework to Topeka Shiner data to
advance understanding and guide future conservation actions. This iterative framework uses
weight-of-evidence to integrate existing literature, visualizations, statistical analyses, and
ecological interpretation, and guide future data and restoration action for a focused overarching

question, taxa and scale. As a result of applying this framework to a rare taxon, useful insights



into Topeka Shiner distributions emerged for ecological trends with previously described (stream
depth, species richness, number of dams), and new (clay soil content, or c/ay) environmental
variables. This research tested additional emerging questions through iterative application of the
above-described framework. Comparing the outputs from models created to test these new data-
driven questions underscored the importance of predator species richness, nonlinear (quadratic)
relationships with baseflow index, and interactions between clay and baseflow index across river
basins. By building upon the original framework in successive iterations, we identified useful
and testable questions regarding the abiotic and biotic variables that impact Topeka Shiner
presence. Information generated from our analyses can guide future data actions, collaborative
agency review processes for fish protections (e.g., KDWP, EPA, USFWS, NMFS), and
subsequent framework cycles. This research offers examples of practical pathways for
researchers to leverage limited data and maximize accrual of knowledge for fish ecology and

conservation.
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Chapter 1 - Advancing ecological insights to inform conservation
management of the threatened Topeka Shiner: Integrating multiple
statistical approaches applied to long-term monitoring data in KS

Abstract

Conservation of native species at statewide and regional scales is advanced by reliable
ecological insights. Yet not all research studies can provide easily generalizable evidence for
habitat associations and threats for the state and regional scales at which conservation decisions
are made by agencies. Research studies that use statewide monitoring data, on the other hand,
can assess a range of trends at larger spatial scales, which is often consistent with the needs of
state or regional conservation. However, the characteristics of statewide monitoring datasets
conflict with the common assumptions of traditional statistical analyses, presenting challenges
for developing clear ecological interpretations of trends. Here, we ask how analysts can extract
more useful ecological insights from large field datasets despite unavoidable statistical
challenges. Our target taxon was Topeka Shiner (Notropis topeka, n = 335 presences), a federally
endangered and Kansas-threatened native minnow. For the purpose of identifying consistent and
divergent ecological trends and guiding future research and management for this species, we
compared and integrated insights from complementary analyses of Kansas statewide monitoring
data. We applied both multiple logistic regression and random forest models to the same
monitoring dataset and 11 environmental and biotic variables. The output of both statistical
analyses agreed on the importance of two ecological variables (clay and species richness), while
our results for three other variables (stream depth, number of dams, and baseflow index)

diverged. Our process for integrating results across analyses provided a useful first step in



distinguishing consistent and dissimilar trends. In summary, our approach advanced our
ecological understanding of Topeka Shiner distributions from statewide monitoring data by
strengthening our confidence in ecological insights and suggesting new directions for research

and restoration based on both similar and divergent trends.



Introduction

Conservation of threatened and endangered species advances when professionals acquire
clear and actionable, ecological insights (Cook et al., 2013). Ecological understanding of where
and why rare organisms occur can provide a solid foundation for evidence-based decision-
making by conservation professionals. For conservation professionals working with declining
taxa, data on habitat conditions and species distributional patterns are especially useful at larger
spatial scales corresponding to state and federal management jurisdictions (Brooks et al., 2004;
Guisan et al., 2013). For state agencies, wide coverage of data at large spatial scales can support
the assessment of species trends across regions. Survey data from state-wide monitoring
programs can provide information on landscape-scale patterns and trends in species presence-
absence, abundance, and diversity (Lindenmayer et al., 2022). While collecting data using field
surveys is essential for supporting conservation management and decision-making, some
challenges in using monitoring data can hinder progress toward achieving these goals.

When applied to field data, current statistical approaches can result in unsatisfying
analytical outcomes for resource managers for several reasons. First, statistical assumptions are
often not met by even the best monitoring datasets (Flather, 1997; Gitzen et al., 2012), and as a
result, model predictions for accuracy and precision can provide erroneous field expectations for
species presence or detection. Second, the spatial scale at which field data are collected can
affect the interpretability and utility of field data (Olsen et al., 1997). Third, statewide monitoring
may not always capture detailed ecological patterns that are important for understanding species
distributions, especially when trading data resolution for greater coverage or targeting rare
species (Nielsen et al., 2009; Potter et al., 2016). Fourth, the unavoidable rarity of threatened and

endangered species exacerbates many statistical issues due to small sample sizes (Olden &



Jackson, 2002). Finally, analyses of monitoring data can yield ambiguous, erroneous, or
conflicting ecological insights without adequate consideration of the original study design and
analytical intent (Hutto & Belote, 2013), especially when applied post-hoc (Gitzen et al., 2012).
Finer-scale, more-controlled experimental field data collection can systematically eliminate some
concerns about assumption violations, but smaller or single-system studies may not provide the
landscape-scale perspectives needed for state and regional conservation decisions (Englund &
Cooper, 2003; Ommer & Perry, 2022). These characteristic problems encountered when
analyzing monitoring datasets raise the overarching question we address: how can analysts
extract more useful ecological insights from large field datasets despite these statistical
challenges?

Here, we utilize an approach for enhancing the use of statewide biodiversity monitoring
data that leverages multi-method analyses to support weight of evidence integration of ecological
insights (Mather et al., 2026). Specifically, we identify consistent and divergent ecological trends
by comparing fundamentally different statistical analyses that are applied to the same dataset and
conservation questions. The Mather et al. (2026) approach identifies new ecological insights by
employing both multiple logistic regression (MLR) and random forest (RF) analyses. Considered
a traditional regression modeling approach, MLR can identify influential habitat variables by
providing direct and more interpretable estimates of ecological relationships (Hosmer et al.,
2013). However, MLR makes many assumptions (e.g. measurement without error, linearity,
absence of outliers) about data that are unrealistic for field surveys (Bolker, 2008). Meanwhile
RF algorithms, like other machine learning approaches, can generate more robust predictions by
repeatedly classifying data and reporting averaged trends (Breiman, 2001). RF has the

advantages of having more flexibility and fewer assumptions than traditional regression (e.g.



data distributions; Cutler et al., 2007); although, the black box method can be more difficult to
interpret ecologically without providing direct estimates of trends.

We compare these two statistical methods in analyzing Kansas stream survey data for
Topeka Shiner (Notropis topeka), a federally endangered and state-threatened minnow species.
Multiple state agencies classify the Topeka Shiner as a threatened or endangered species (IDNR,
2015; KDWP, 2022). State wildlife action plans document substantial reductions in Topeka
Shiner populations across their range (MNDR, 2015; Schneider et al., 2011; SDDGFP, 2023).
Researchers and managers have accumulated data on Topeka Shiner since implementing
protections in these states. Clearer and more consistent ecological insights from the existing field
distribution of this uncommon fish could assist researchers and managers in identifying next
steps for state-level conservation planning. Our purpose in integrating multiple analyses is to
identify consistent and divergent ecological trends and guide future research and management.

Different studies of the same taxa can address the same primary conservation questions
and result in different conclusions based on variation in field methods, location, or statistical
analyses. As examples, studies across different state and watershed systems reveal variation in
the needs of this fish for water quality (Galic et al., 2023; Simpson et al., 2019), system size
(USFWS, 1997; Winston, 2002), and flow permanence (Hatch, 2001; Wall et al., 2004). In
addition, general prairie stream fish studies differ in conclusions on whether native fish
(including Topeka Shiner) are adversely affected by anthropogenic barriers (Barbarossa et al.,
2020; Hitchman et al., 2018), land use changes (e.g., agriculture, grazing, urbanization; Gido et
al., 2010; Yates & Bailey, 2006), and restructuring of the biotic community (Gozlan et al., 2010;
Mitchell & Knouft, 2009). Furthermore, studies in Kansas show different correlates of Topeka

Shiner presence than systems in other states with respect to dams (Schrank et al., 2001), stream



substrates (Mammoliti, 2014; Witte et al., 2009), and community assemblages (Campbell et al.,
2016).

We address the challenge of using monitoring data with Topeka Shiner conservation as
an example through three objectives. First, we analyze fish distributions and habitat needs from
Kansas stream surveys using two statistical analysis methods (MLR, RF). Second, we integrate
statistical results across approaches using comparative weight of evidence. We expect to reveal
both points of model agreement and disagreement in the importance of variables, direction of
effects, and predicted patterns. Finally, we contextualize and reconcile trends from our analyses
with existing literature to draw ecological insights into the threatened and endangered Topeka

Shiner and steer biologists to future research and management activities.

Methods

Study Organism

Topeka Shiner is a small-bodied (< 75mm), short-lived (< 3 years) minnow that
epitomizes ecological and life-history characteristics of many prairie stream fishes (Hatch,
2001). This member of the family Cyprinidae occurs in lowa, Kansas, Minnesota, Missouri,
Nebraska, and South Dakota (Mammoliti, 2014). Topeka Shiner is a species in need of
conservation which was listed as federally endangered in 1998 (USFWS, 1997) and threatened in
the state of Kansas in 1999. Even with its threatened status, a non-trivial amount of distributional
data is available for this species in Kansas. Thus, with considerable available data and
conservation need, this taxon is an ideal candidate to compare analyses of drivers and

disturbances that can reduce native distributions.



Topeka Shiner ecology and habitat use is highly variable throughout its range. For
example, the fish can occur in small, headwater streams with cool, groundwater-fed pools and
coarse substrates (Kerns & Bonneau, 2002; USFWS, 1997; Winston, 2002), but in some systems
they have been reported to persist in larger rivers, with warmer waters, higher turbidity, and finer
sediments (Galic et al., 2023; Simpson et al., 2019; Wall & Berry, 2004). These fish can use
gravel sunfish nests for spawning (Pfaff et al., 2023; USFWS, 1997) yet are often found in
systems with low community complexity (Schrank et al., 2001; Stark et al., 2002). Topeka
Shiner typically reaches sexual maturity at age one and survives for one spawning season (Hatch,
2001). Therefore, Topeka Shiner populations could have limited opportunity to recover from
potentially adverse effects from groundwater depletion (Berg et al., 2004), dam construction
(Schrank et al., 2001), land use conversion (Cross & Moss, 1987), predator introduction (Knight

& Gido, 2005), and invasive competition in Kansas (USFWS, 1997).

Fish Data

Personnel from the Kansas Department of Wildlife and Parks (KDWP) have collected
fish data since the 1970s. Here, we analyzed 10,624 unique stream sites across 12,086 total
samples from all 12 major Kansas river basins. In the survey dataset, 81% of the fish data were
collected between 2000 and 2021. We transformed fish abundances from research permits,
historical collections, and standardized field sampling into presences and absences to
accommodate variable gear types and sampling protocols. In our presence-absence dataset,
Topeka Shiner was present at 341 sites across the Kansas-Lower Republican (n = 180), Neosho

(n=127), and Smoky Hill-Saline River basins (n = 34).



Environmental Data

At each fish sample site, we acquired data for 11 abiotic and biotic environmental
variables from existing GIS datasets: (1) stream depth, (2) curvature, (3) gradient, (4) baseflow
index, (5) clay, (6) species richness, (7) grassland, (8) cropland, (9) pastureland, (10)
development, and (11) number of dams (Table 1.1). We assessed relevant Topeka Shiner
literature to select variables which have been identified as potential drivers of the species’
distribution (Rode et al., 2025). We removed fish sample records with missing environmental
data, which reduced the number of Topeka Shiner presence sites (nz = 335). Due to the large
number of absence sites relative to presence sites, we balanced data to include all available
presence sites and an equal number of randomly selected absence sample sites (Steen et al.,

2021).

Multiple Logistic Regression (Objective 1a)

We used MLR as our first statistical approach following Mather et al. (2026) for its
common use in ecology and straightforward interpretation. Specifically, we estimated simple,
main effects of each of our 11 ecological variables on the binomially distributed response of
Topeka Shiner presence or absence with a logit-link and maximum likelihood functions (Hosmer
et al., 2013). Our 11-variable ecological model excluded highly correlated variables (Pearson’s P
> (0.70). We fit the MLR model using both original and standardized data with a Laplace
estimator from the glmmTMB package in R (McGillycuddy et al., 2025). We show the MLR on
original data (Appendix A Table 1) but focus our interpretation on the MLR that used

standardized data (mean = 0; standard deviation = 1; Appendix A Table 2). We tested model



prediction power using 10-fold cross validation. From this, we measured accuracy in predicted
presences with (1) confusion matrices and (2) area under the curve (AUC) calculated from a
receiving operator characteristic (ROC) plot (caret, pROC packages; Kuhn & Max, 2008; Robin
etal., 2011).

Data were collected independently at different sites and times (i.e. without repeated
measures). We removed outliers and known erroneous data points (e.g. incorrect geographic
locations, values beyond measurement scale). Modeling on the logit-transformed scale
maintained the linear order of parameters. We inspected the model for multicollinearity among
variables by estimating individual variable inflation factors (VIF) with the performance package
(Liidecke et al., 2021). We considered variables to be multicollinear if VIF scores exceeded 10
(Kutner, 2005). Thus, we met, assessed, or addressed the assumptions for independence,

measurement error, linearity, and multicollinearity (Hosmer et al., 2013).

MLR Variable Importance

For MLR, we evaluated the importance of individual variables in contributing to the
probability of Topeka Shiner presence using multiple analytical outputs: (1) statistical
significance (p < 0.05), 95% confidence intervals; (2) relative size of parameter estimates (3;
standardized coefficients only), and (3) odds-ratios (OR) (Mather et al., 2026). First, we
prioritized variables that differed from the null effect (p < 0.05 and a 95% CI that does not cross
zero). Second, we assessed the relative impact of each significant variable on the log-odds
likelihood of Topeka Shiner presence with the absolute magnitude of 3 estimates, which
represent the change in probability of Topeka Shiner presence for every standardized unit change

in the environmental variable. Third, we calculated OR from the standardized beta-coefficients.



Variables with OR > 1 indicated an increase in the odds of Topeka Shiner presence, < 1

indicated a decrease, and an odds ratio of 1 indicated no effect.

MLR Response Trends

We assessed trends between Topeka Shiner presence and each environmental variable.
The positive or negative direction of estimated beta-coefficients indicated whether ecological
variables were associated with increasing or decreasing likelihood of Topeka Shiner presence.
We visualized marginal effects of individual variables by holding all other variables constant and

transforming logit-scale responses to the predicted probability of Topeka Shiner presence.

Random Forest (Objective 1b)

For the second statistical approach, we used a random forest (RF) algorithm following
Mather et al. (2026) for its growing popularity in ecology and flexibility in assumptions. To
estimate the impact of the same ecological variables on the probability of Topeka Shiner, we
used the same original dataset with simple effects. We tuned the hyperparameters mtry
(maximum number of variables possible for the algorithm to test at each node) and ntrees
(number of trees in the forest) using the randomForest package in R (Liaw & Wiener, 2002).
Based on the method outlined in Faraway (2016), we set mtry to minimize error using cross-
validation. In total, we bootstrapped 3000 trees (ntrees) to calculate estimates and error rates. We
assessed model performance with the confusion matrix and out-of-bag error metric native to RF,
deriving model accuracy (%) by subtracting the error rate from 100. We tested model prediction

by producing ROC curves and evaluating the AUC ( pROC package; Robin et al., 2011). The
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assumptions for independence and measurement error were met or assessed as in the MLR model

(Breiman, 2001).

RF Variable Importance

We evaluated the relative importance of variables with two metrics: (1) mean decrease in
accuracy and (2) mean decrease in the Gini index. Mean decrease in accuracy quantified relative
importance by excluding each variable and estimating the change in accuracy of final prediction
classifications. Mean decrease in the Gini index measured relative importance by excluding each
variable and estimating the change in purity of nodes within trees. For both indices, the greater
the mean decrease in the accuracy or Gini index from excluding a variable, the more important
the variable. For the 11 covariates, we visually assessed variable importance plots. Without
objective criteria for RF thresholds, we selected a natural breakpoint in the highest relative

importance as indicated by accuracy and Gini metrics.

RF Response Trends

We visualized the partial dependencies of individual variables on predicted probability of
Topeka Shiner presence, while holding all other values at their mean. We converted responses
from the default settings on the logit-scale to probabilities of fish presence and applied Locally
Estimated Scatterplot Smoothing (LOESS) to raw predictions to generalize trends (Breiman,

2001; Cleveland, 1979).
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Comparison and Integration Across Statistical Approaches (Objective 2)

The MLR and RF differ in outcomes (direct parameter estimates for B and OR versus
averaged trends) and statistical metrics (p and CI versus accuracy and purity), and we currently
lack standard practices in ecology and fisheries to directly compare across these approaches.
Thus, we compared the two statistical models with three types of outputs as outlines in Mather et
al. (2026): (1) variable importance ranks, (2) probability plots, and (3) spatial model predictions.

Variable Importance

To enable comparisons of environmental variable importance across the two models, we
used a ranking approach. For simplicity, we selected one measure of relative importance for each
approach, because each importance metric produced similar outcomes for interpretation. For
MLR, we ordered variables by statistical significance then by decreasing magnitude of
standardized estimates (e.g. |-0.75| > |0.25]). For RF, we used the order of variables already
assigned by accuracy. By converting each metric of importance to relative ranks on the same

scale (highest rank = 1), we integrated the dissimilar approaches of MLR and RF.

Response Trends

We compared the direction and shape of response trends for variables across the two
approaches to evaluate the consistency of data signals for influences on Topeka Shiner presence.
Point estimates were not available for RF modeling as in MLR. Therefore, we show plots of

predicted probability of presence as a function of covariate values for both approaches.

Map Predictions
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We applied predictions from both model approaches to the full Kansas dataset with caret
in R (Kuhn & Max, 2008) to visually compare the resulting geospatial patterns in ArcGIS Pro
(Esri Inc., 2024). The MLR produces continuous predictions from 0 to 100% probability of
Topeka Shiner presence, while the RF model predicts the probability that samples are classified
as fish presence (1) for each tree and generates a binary outcome of less or greater than 50%
probability of presence among all trees by default. We chose to identify consistency among
spatial patterns by querying individual predictions for low (below 50% MLR and 0 RF) or high

(above 50% MLR and 1 RF) probability of fish presence within major watersheds.

Results

Multiple Logistic Regression (Objective 1a)
The MLR analysis identified significant influences of clay (95% CI [1.55, 2.59]; p <

0.005), stream depth (95% CI [ -3.17, -0.56]; p < 0.01), number of dams (95% CI [ -1.11, -0.47];
p <0.005), and species richness (95% CI [ -0.96, -0.41]; p < 0.005) on the predicted probability
of Topeka Shiner presence (Table 1.2; Figure 1.2A-D). The remaining variables had non-
significant relationships. Predicted probability of Topeka Shiner presence exhibited the strongest
response to clay (Table 1.2; Figure 1.2A), as reflected by the largest standardized slope in our
analysis ( = 2.07) and a nearly eight-fold increase in the chances of Topeka Shiner presence
with one standardized unit increase in c/ay (OR = 7.91; SD = 12%). For stream depth, predicted
probability of Topeka Shiner presence displayed the second strongest response (Table 1.2;
Figure 1.2B), as indicated by the standardized slope ( =-1.86) and 84% reduction in the odds of
Topeka Shiner presence as stream depth increases by one standardized unit (OR =0.16; SD =

2.5 m; Figure 1.2B). Predicted probability of Topeka Shiner presence had the third strongest
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response to number of dams based on the standardized slope (B = -0.79; Table 1.2; Figure 1.2C),
and as the number of dams increased by one standardized unit (SD = 8 dams), the likelihood of
Topeka Shiner presence reduced by half as (OR = 0.45). Finally, predicted probability of Topeka
Shiner presence revealed the fourth strongest response to change in fish species richness (Table
1.2; Figure 1.2D), based on the standardized slope (f = -0.69) and a 50% reduction in odds that
Topeka Shiner will be present as species richness increased by one standardized unit (OR = 0.50;

SD = 8 species).

Random Forest (Objective 1b)

The RF analysis identified species richness, clay, and baseflow index as the highest
ranking variables in terms of importance (i.e., accuracy and the Gini index; Figure 1.3A-B).
Species richness was associated with the greatest mean decrease in accuracy (Figure 1.3A) and
the second greatest mean decrease in the Gini index when excluded among trees (Figure 1.3B).
The predicted probability of Topeka Shiner presence decreased with increasing species richness
(Figure 1.4A). Trees that excluded clay among the RF analysis experienced the second greatest
mean decrease in accuracy (Figure 1.3A) and the greatest mean decrease in the Gini index
(Figure 1.3B). Increases in clay were associated with increased probability of Topeka Shiner
presence (Figure 1.4B). Trees that excluded baseflow index had the third greatest mean decrease
in accuracy (Figure 1.3A) and the third greatest mean decrease in the Gini index (Figure 1.3B).
As indicated by partial dependence plots, the predicted probability of Topeka Shiner presence
exhibited a nonlinear relationship with baseflow index. The predicted probabilities increased
between baseflow index of 10 to 20, peaked between 20 — 30, and decreased for baseflow index

higher than 30 (Figure 1.4C). Other variables (curvature, development, gradient, number of
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dams, grassland, stream depth, cropland, and pastureland) contributed to relatively minor

changes in RF accuracy and the Gini index (Figure 1.3).

Comparisons (Objective 2)
Our MLR and RF models performed well on all evaluation metrics (Figure 1.5). The
MLR model was 88% accurate and 93% precise; there were fewer false presences than false
absences (Figure 1.5A). With 7.16% out-of-bag error, our RF model was 93% accurate with a
precision of 93%; the model predicted more false presences than absences (Figure 1.5B).
Additionally, both models produced high sensitivity and specificity regarding the AUC (MLR:

0.935; RF: 0.998; Figure 1.5C-D).

Variable Importance

The MLR and RF analyses agreed on the importance of clay and species richness (Table
1.3). Clay ranked #1 for MLR variable importance, ranked #1 and #2 in importance for RF
accuracy and the Gini index (Table 1.3). Species richness ranked #4 in MLR variable
importance, ranked #1 and #2 for the two RF measures (Table 1.3).

The relative effects of stream depth, number of dams, baseflow index on the probability
of Topeka Shiner presence differed between the MLR and RF analyses (Table 1.3). Stream depth
had a very high importance ranking and was statistically significant in the MLR (rank # 2) but
had a very low importance ranking for the RF analysis (ranks #9, #9; Table 1.3). Similarly,
number of dams was statistically significant and influential in the MLR (rank #3) but had lower

influence ranks in the RF analysis (ranks #6, #7; Table 1.3). Baseflow index was not significant
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in the MLR and ranked low in importance (rank #8), but it received high importance rankings for

RF (ranks #3, #3; Table 1.3).

Response Trends

The MLR and RF analyses agreed on the response trends of clay, species richness,
stream depth, and number of dams (Figure 1.6;Figure 1.7). Clay showed rapidly increasing
probability of Topeka Shiner presence between clay values of 20% and 40% (Figure 1.6A-B).
Across models, species richness showed the same trend of decreasing predicted probability of
Topeka Shiner presence as species richness increased (Figure 1.6C-D). Both statistical
approaches showed similar trends for predicted probability of Topeka Shiner presence
decreasing as stream depth increased (Figure 1.7A, B). Similarly, plots showed decreases in
predicted probability of Topeka Shiner as the number of dams increased (Figure 1.7C-D).

The MLR and RF analyses disagreed on the response trend of baseflow index. The MLR
predictions for baseflow index exhibited a shallow, negative, highly variable relationship with
probability of Topeka Shiner presence (Figure 1.7E). Meanwhile, visualizations of RF model
predictions showed a less variable, nonlinear response with a peak > 50% probability of Topeka

Shiner presence between baseflow index values of 20-30 (Figure 1.7F).

Spatial Trends

The predicted spatial trends from both statistical methods also presented points of
agreement and disagreement (Figure 1.8). For both MLR and RF models, areas of high (> 50%)
predicted probability of Topeka Shiner presence clustered in the Flint Hills region (EPA

Ecoregion Level 3) of central Kansas (Figure 1.8), overlapping with portions of the Kansas-
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Lower Republican, Neosho, and Smoky Hill-Saline River basins (Figure 1.1A). While high
probability of presence concentrated in the Kansas-Lower Republican watersheds, sites with
predicted high probabilities also occurred across the Neosho River basin and as far as the
western border in the Smoky Hill-Saline River basin (Figure 1.1A;Figure 1.8). Some sites
presented disagreements between the two models. For example, the MLR model predicted more
sites in the Smoky Hill-Saline River Basin to have higher probabilities (Figure 1.1A; Figure
1.8A), whereas the RF model predicted more sites spanning the Neosho River Basin to have

higher probabilities of Topeka Shiner presence (Figure 1.1A; Figure 1.8B).

Discussion

Agreement in Methodological Approaches Can Build Confidence (Objectives 1, 2, 3)
Identifying agreement in quantitative trends across statistical analyses can strengthen
data-based ecological inferences extracted from long-term monitoring datasets. Given the
unclear, ambiguous, or contradictory results that can emerge from stand-alone statistical analyses
of field data, identifying consistent outputs with different methods offers one way to address
underlying uncertainty (Johnson, 2002; Mather et al., 2026). Some investigators in marine
(Becker et al., 2020; Hazen et al., 2021; Hebert et al., 2024) and terrestrial systems (O’Malley et
al., 2024; Shoemaker et al., 2018) similarly identify robust ecological relationships for other taxa
by comparing consistent trends across multiple statistical analyses. Although, most studies of
species distributions do not systematically compare consistency of trends across duplicate
analyses. Our cross-analysis comparisons of variables and spatial predictions confirmed
consistent and influential roles of clay and species richness on Topeka Shiner presence.

Additionally, we identified locations with consistently high predicted probability of presence that
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offer high-value locations for focused future sampling and hypothesis testing where Topeka
Shiner populations are more likely present.

Compared to our paired statistical methods, most ecological studies of Topeka Shiner
report habitat relationships and predictions of species distributions from a single type of
statistical analyses (e.g. Schrank et al., 2001; Wall et al., 2004). For example, several single-
method studies attribute the importance of stream substrates (e.g. gravel) to how they affect fish
feeding, spawning, and predator evasion behaviors of Topeka Shiner (Bakevich et al., 2015;
Witte et al., 2009). By comparing outputs of our two different statistical analyses, we identified a
consistent indicator that c/ay soil composition in the catchment area could influence Topeka
Shiner presence. Presenting a strong positive relationship between Topeka Shiner and clay from
multiple analyses establishes the need for further examination of this surprising trend. We
learned from this ecological insight that existing measurements of c/ay composition at the stream
site level may help researchers and managers better understand why Topeka Shiner are present or
absent at specific sites.

Our comparison across two statistical analyses confirmed a consistent and influential
relationship between Topeka Shiner and the biotic fish community, specifically that more diverse
fish communities with higher species richness adversely affected Topeka Shiner. The local effect
of biota on Topeka Shiner varies across other studies. For example, total species richness
exhibits a positive relationship with Topeka Shiner in oxbows (Simpson et al., 2019) and
negative effects in stream pools (Schrank et al., 2001). At the statewide level among streams, our
models present stable correlations between Topeka Shiner presence and community diversity
with consistent thresholds regardless of statistical method. Thus, our process for identifying

agreement across statistical analyses points to prevailing global effects rather than context-
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dependent relationships of Topeka Shiner with species richness. From this, we learned that
species richness could help conservation professionals identify which sites are likely to support

Topeka Shiner reintroductions.

Disagreement in Statistical Outcomes for Ecological Drivers of Distribution Guides
Future Work (Objectives 1, 2, 3)

While disagreement across model results generates uncertainty and can lead to confusion,
disagreement across statistical approaches can also suggest new directions for collecting and
analyzing field data for native organisms facing threats with environmental change. Some
freshwater fish ecology studies compare models to improve accuracy (e.g. Olden & Jackson,
2002) or advance interpretability (e.g. Chollet Ramampiandra et al., 2023). However, these
comparisons are more often made to prescribe one approach than to retain ecological information
or identify disagreement among trends across approaches, as we do here (but see Shoemaker et
al., 2018, terrestrial; Huang & Frimpong, 2015, aquatic). Analyzing disagreements among
statistical analyses is a novel way to extract ecological insights from field survey data that can
guide next steps for future conservation actions (Mather et al., 2026). In our research, identifying
inconsistencies in the relative magnitude, direction, and shape of relationships for stream depth,
number of dams, and baseflow index points to key knowledge gaps. Furthermore, examining
diverging model predictions for specific sites in the Missouri, Lower Arkansas, and Walnut
River basins can identify priority locations for examining these conflicting trends with consistent
sampling across the range of inconsistent variables.

For stream depth, disagreements between MLR and RF hint that additional system size

and habitat metrics may be necessary to understand the importance of stream depth for Topeka
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Shiner. Topeka Shiner is often associated with small streams (Stark et al., 2002; USFWS, 1997,
Winston, 2002). However, Topeka Shiner may (Aadland & Kuitunen, n.d.; Galic et al., 2023) or
may not (Schrank et al., 2001) use varying stream depths. The different relative effects of stream
depth in our two models of Topeka Shiner presence could be attributed to RF detecting
nonlinear, interactive, or local effects while MLR assumes a consistently linear, global effect.
This insight aligns with the idea that stream depth could influence the species on multiple habitat
scales (Johnson, 1980). With this in mind, conservation professionals could select future sample
sites with varying stream depths and in-situ habitat depths to further test which conditions may
best support restoration of Topeka Shiner populations.

For the number of dams, effect size disagreements identified a need to fill gaps in data
coverage at the state-wide scale. Ecologists often discuss the influences of dam-related
fragmentation (Barbarossa et al., 2020), sedimentation (Dodds et al., 2004), and flow regime
alteration on stream fish communities (Poff et al., 1997; Ward et al., 1983). However, Topeka
Shiner studies focus on negative relationships with small farm impoundments (Gerken &
Paukert, 2013; Schrank et al., 2001), whereas our dataset only incorporated dams of greater
heights and storage capacities (7.62 m with 1.85 ha-m, or 1.83 m with 6.17 ha-m; Cooper &
Infante, 2024). Our results indicated consistently negative responses of Topeka Shiner to
increasing the total number of dams (irrespective of function or position in the stream).
Although, the disagreement in relative effect across analyses may be attributed to the MLR
presenting to stable coefficients where the RF detected an interrupted pattern. Without validation
using complementary methods, an incomplete picture for dam data could have been interpreted
erroneously as extremely or minimally important to Topeka Shiner habitat. Researcher-manager

teams could collect future monitoring data to target streams with intermediate (5-15) numbers of
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dams to fill the observed gap and solidify the strength of this relationship with large
impoundments.

For baseflow index, the disagreement in the effect size, direction, and shape of trends
illustrates competing ecological relationships (linear or non-linear) for linking Topeka Shiner
with sustained water availability. Several studies examine in-stream flow effects on Topeka
Shiner regarding flow endurance (Aadland & Kuitunen, n.d.; Adams et al., 2000; Bouska &
Paukert, 2010) and permanence (Wall et al., 2004). However, relationships with subsurface flow
are less often analyzed (Bayless et al., 2003; Wall et al., 2004). Early observations associate the
Topeka Shiner with groundwater springs for permanent flow refugia (Mammoliti, 2014;
USFWS, 1997; Wall & Berry, 2004). Although, Kansas has limited data for groundwater spring
locations and contribution to surface-flow, which constrains direct investigation of these
relationships. While not directly equivalent, our coarse metric of baseflow index relates to
groundwater flow and other sustained sources of stream flow between runoff events, which can
be highly influential and sometimes can have a nonlinear effect on other fishes (Huang &
Frimpong, 2015). The conflicting trends for the influence of baseflow index on Topeka Shiner
presence across models could be attributed to needing a priori specification of nonlinear trends
in MLR whereas RF captures the more complex relationships by design. By using two modeling
approaches, we utilized the strengths of each to identify potentially nonlinear trends that could
have been overlooked using one model alone. Our findings suggest that analysts should consider
examining a non-linear relationship between baseflow index and Topeka Shiner elsewhere to

identify promising sites for future restoration efforts.
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Integrating Approaches (Objectives 2, 3)

Comparing statistical approaches provides benefits, as described above, but also presents
challenges for implementation. The MLR approach provides valuable metrics that quantify
parameter estimates (3), amount of variation (95% CI), and effect size (f; OR). Meanwhile, RF
offers relative importance measures shaped by repeated classification can be a powerful
approach to prediction (Cutler et al., 2007). While models are fitted to the same presence-
absence data, the outputs are not directly comparable. Following the approach of Mather et al.
(2026), we translated outputs from both analyses to a common scale by assigning relative ranks
to each variable. These ranks allowed us to combine the interpretability of MLR with the
predictive flexibility of RF.

Our dual-approach comparison provides the foundation for an integrated ecological
summary of what is known and unknown about Topeka Shiner distributions. First, our analyses
confirmed that Topeka Shiner typically occupies smaller streams (here measured as stream depth
at the downstream reach). Other investigators have also found Topeka Shiner generally inhabits
smaller streams in Kansas (Mammoliti, 2014; Winston, 2002), with shallower depths (Minckley
& Cross, 1959; Stark et al., 2002). However, when investigators measure stream depth in
oxbows (Galic et al., 2023), area in ponds and watersheds (Pfaff et al., 2023; Wahl et al., 2024),
and position in stream networks (Wall et al., 2004), conflicting conclusions can emerge about
what system size is most often associated with Topeka Shiner presence. Our integration across
analyses and studies demonstrates need for more comprehensive morphometric measurements in

streams where Topeka Shiner occurs. Integrating stream depth and other stream size metrics
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across sites could lead to a more focused and consistent understanding of Topeka Shiner habitat
within and across states.

Second, the integration of our two analyses shows that Topeka Shiner typically persists in
fish communities with lower species richness. Our results reinforce some previous community
diversity trends with Topeka Shiner populations in Kansas (Mammoliti, 2014; Schrank et al.,
2001). Although, community composition may additionally influence Topeka Shiner, such as the
relative abundance of individual associates and competitors (e.g. Simpson et al., 2019, 2021) or
presence or density of stocked predators (Knight & Gido, 2005; Pfaff et al., 2023; Schmolke et
al., 2019). As a future research direction from our model comparisons, systematic analyses of
community composition (individual species or groups) may clarify the influences of community
size on Topeka Shiner presence and identify data collection needs for biota in Kansas and across
states.

Third, our analyses suggest that Topeka Shiner is more likely to occur in streams with
fewer dams. Thus, our integrated results reinforced often speculated negative influences of dams
on Topeka Shiner in Kansas (Mammoliti, 2014). However, confusion emerges when dam
impacts are variably quantified as number of dams (our results), proportional area in watersheds,
and other metrics within farm pond impoundments (Pfaff et al., 2023) and along streams (Gerken
& Paukert, 2013; Schrank et al., 2001). More comprehensive assessment of the dam-relevant
metrics (number, density, distance, size, etc.) and potential mechanisms influencing Topeka
Shiner habitat (fragmentation, altered flow, predator introductions, etc.) could help identify and
connect the roles of human barrier impacts on the fish (instream and off channel) that can help

conservation professions prioritize needs related to dams.
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Finally, in Kansas, clay and baseflow index emerged as potentially novel influences on
Topeka Shiner. Upon further testing of relationship shapes for baseflow index, these broad-scale
conditions may exert previously unrecognized influence on Topeka Shiner habitat. Generally,
studies do not evaluate the role of non-streambed geology or subsurface hydrology on fish, but
Wall et al. (2004) has suggested that bedrock types and groundwater potential at the catchment
scale could affect Topeka Shiner in South Dakota. Based on the moisture-retention properties of
clay soil (Dingman, 2015), increased clay composition in surface geology may buffer streams
from water loss and support baseflows (Price, 2011). We propose that catchment-level clay
composition and baseflow index may enhance the survival of Topeka Shiner and other prairie
fish during stressful low water events. Our results present a novel idea that both soil and
groundwater conditions may alleviate hydrological stress on Topeka Shiner populations in
Kansas. Our approach revealed a new research direction for the Topeka Shiner data collection
and analysis, especially in the face of intensifying drought and flood cycles related to climate
change (Dodds et al., 2004). Specifically, additional data collection and analyses could parse the
influence of clay and baseflow index on Topeka Shiner presence further. Field validation may
clarify for conservation professionals which locations will not support Topeka Shiner, could
support Topeka Shiner with habitat modification or restoration, and currently support natural

populations that need close monitoring of habitat function.

Conclusions

The state agencies responsible for reviewing and mitigating ecological impacts on
threatened and endangered species have finite time and resources to provide data-based, site-

specific recommendations relevant to land-use, water allocation, and other proposed
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development. Our study addresses the need to inform future resource allocation for conservation
research and management by using a data-driven plan to circumvent persisting statistical
challenges of drawing ecological insights from available monitoring data. Statistically comparing
similar and diverging results can offer a diagnostic lens for models of natural field patterns and
aggregate data-based evidence to coordinate future data collection and analyses. Together,
agreements and disagreements between our MLR and RF analyses identified priority areas for
further investigation for Topeka Shiner. In our study, agreement strengthened our confidence that
we had appropriately modeled clay and species richness. Furthermore, disagreements provided
informative opportunities to guide further research and field testing for stream depth, number of
dams, and baseflow index. Compatible with the RAD management framework, our statewide
assessment identifies some sites with consistently low potential for Topeka Shiner presence (both
historical and present), for which conservation professionals may accept the current absent status
of Topeka Shiner (Rahel & Lynch, 2022). Additionally, our comparative analyses can help
identify priority variables for habitat management intervention (i.e. resist or direct). By
interpreting complementary analyses together, our process provides a useful first step in
distinguishing clear ecological trends from more ambiguous patterns and integrating pieces of

data-based evidence to support confident, management-relevant decisions.
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Tables

Table 1.1. Eleven ecological variables used to model Topeka Shiner distributions in Kansas.

Included are variable name, relevance to fish, definition of measurement, units, spatial scale,

database used, and source.
Variable Fish Relevance Definition Units Spatial Database Source
Name Scale
The depth of streams
influences flow regimes and
structures fish communities. .
Shallow streams are Estimated depth National (McKa
Stream . . ¢ cept NHDPIus Hydrography Y
associated with less flow for flowline exit Meters . etal.,
Depth " . Flowlines Data Plus V2
and smaller communities, point. 2012)
. (NHDPlus)
while deeper areas have
larger quantities of flow and
fish species.
Curvature is a measure of
stream channel sinuosity Calculated
and is associated with average
microhabitat diversity. geometric NHDPlus (McKay
Curvature Channelization, flow curvature from 1/Meters Flowlines NHDPlus etal.,
alteration, and bank flowline points 2012)
stabilization for human use  at least 60m
reduces sinuosity and apart.
straightens river paths.
Channel slope, or gradient, Slope of
flowline,
(McKay

is a commonly measured
calculated as the

fish habitat variable. A
change in

Gradient reaches gradient can dictate
how quickly the river flows, elevation over

and therefore what habitat the length of the
types and fauna are present. flowline.

Baseflow is the quantity of
water in stream channels Calculated
contribution of

excluding precipitation
runoff. Human-altered flow groundwater and

Baseflow
Index regimes can reduce other sustained
baseflow, affecting critical sources to total

ecosystem function for stream flow
stream fish.

%

NHDPlus - \1ipprs etal.,

Meters/Meters Flowlines
W 2012)

The Stream (Hill et

NHDPlus  Catchment al
Catchments  Database 20 1.’6)
(StreamCat)
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Table 1.1. Eleven ecological variables used to model Topeka Shiner distributions in Kansas.
Included are variable name, relevance to fish, definition of measurement, units, spatial scale,

database used, and source.

Variable Fish Relevance Definition Units Spatial Database Source
Name Scale
Soil composition of the stream Calculated average
channel and adjacent catchment Soil Surface Horizon Soil Survey
Cla areas may influence bed A Composition, ratio o NHDPlus Geographic  (NRCS,
Y substrate and regulate runoff of mass of clay ®  Catchments Database 2022)
and baseflow delivery to  (<0.002mm) to mass (SSURGO)
streams. of soil fines.
Species richness is commonl Kansas
. PECIES TICANESS 18 COMMONLY = 10 1ated from all Department of
Species  used as a measure of ecosystem . . .
: . . fish species present  #  Site Sample Wildlife & n.p.
Richness health and biotic community .
size in one stream sample Parks
’ (KDWP)
Grassland cover is associated
Grassland o do}r]ninatei historic Calculated grassland o NHDPIus Cover (Dewitz,
p y . cover in 2021 ®  Catchments Database 2023)
grasslands are associated with
(NLCD)
co-evolved stream fish
communities.
Agricultural practices,
including land used for crop
production, can potentially alter Calculated
nearby stream systems through agricultural croppin NHDPlus (Dewitz
Cropland water extraction or sediment € PPINE o, NLCD ’
. land use cover in Catchments 2023)
runoff. Stream habitat 2021
alterations (flow, turbidity, etc.)
can lead to declines in fish
populations.
Agricultural practices,
including land used grazing or
haying, can potentially alter Calculated
nearby stream systems through agricultural o NHDPlus (Dewitz,
Pastureland nutrient runoff. Stream habitat  pastureland use % Catchments NLCD 2023)

alterations (productivity, algal cover in 2021
blooms, etc.) can lead to
declines in fish populations.
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Table 1.1. Eleven ecological variables used to model Topeka Shiner distributions in Kansas.
Included are variable name, relevance to fish, definition of measurement, units, spatial scale,

database used, and source.

Variable Fish Relevance Definition Units Spatial Database Source
Name Scale
Human development such
as urbanization can lead to Calculated
changes in water quality  developed land
and channel structure of use cover (Open NHDPlus (Dewitz,
Development streams. Therefore, space, low-high % Catchments NLED 2023)
developed land use of intensities) for
varying intensities could 2021
alter fish distribution.
Human construction of
dams can alter the stream Total mainstem
habitat, water quality, and National (Cooper &
g dam count (>7.62 .
system connectivity. Dams . Anthropogenic Infante,
Number of m with 1.85 ha-m NHDPlus . )
Dams can change fish of storage, o Flowlines Barriers Dataset 2024;
assemblages by providing 1.83 m wi th, 6.17 (NABD) & Ostroff et
more lentic habitat for some . ‘ NHDPlus al., 2013)
. ) ha-m of storage)
fish and removing lotic

habitat for others.
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Table 1.2. Results from multiple logistic regression on standardized data using 11 ecological
explanatory variables to model the response of Topeka Shiner probability of presence in Kansas
from 1947 to 2020 (n=670). Included are variable name, coefficient (j3), standard error (SE), Z-
score (Z), lower and upper 95% confidence interval, p-value (asterisk to denote p < 0.05), odds
ratio (OR), and variable inflation factor (VIF). Predictor variables include clay (% in catchment
surface geology), stream depth (estimated in meters), number of dams (total in the mainstem),
species richness (number of fish species in a single sample), development (% cover in the
catchment), grassland (% cover in catchment), pastureland (% cover in the catchment), baseflow
index (% contribution of groundwater and other sustained water sources to stream flow),
curvature, cropland (% cover in the catchment), and gradient (m/m).

95% CI1
Variable [ SE V4 Lower Upper P OR VIF
(Intercept) -1.35 038  -352  -2.10 -0.60 0.00 * 0.26
Clay 2.07 0.26 7.84 1.55 2.59 0.00 * 791 1.30
Stream Depth -1.86  0.67 -2.80 -3.17 -0.56 0.01 * 0.16 1.77

Number of Dams  -0.79  0.16 -484 -1.11 -047 0.00 * 045 1.78
Species Richness ~ -0.69  0.14 487 -096 -041  0.00 * 0.50 1.28

Development -1.08  0.66 -1.64 -2.37 0.21 0.10 0.34 1.38
Grassland 0.72 0.41 1.75 -0.09 1.54 0.08 2.06 9.91
Pastureland -024 022 -1.13  -0.67 0.18 0.26 0.78 2.84
Baseflow Index -024 020 -1.18 -0.63 0.16 0.24 0.79 1.30
Curvature 0.12 0.19 0.62  -0.25 0.49 0.54 1.12 1.17
Cropland 0.09 0.29 0.31 -0.48 0.66 0.75 1.09 6.31
Gradient 0.03 0.16 0.17  -0.29 0.35 0.87 1.03 2.16
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Table 1.3. Comparison of importance (ranks 1-11 from most to least important) for 11 ecological
variables as identified by significance and the absolute magnitude of multiple logistic regression
(MLR) estimates and mean decrease in accuracy of random forest (RF) models. Significant MLR
estimates (p < .05) are denoted with *.

Variable MLR (B) RF (Accuracy)
Clay 1* 2
Stream Depth 2% 9
Number of Dams 3* 7
Species Richness 4* 1
Development 5 5
Grassland 6 8
Pastureland 7 11
Baseflow index 8 3
Curvature 9 4
Cropland 10 10
Gradient 11 6
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Figures

Figure 1.1. Distribution of Topeka Shiner presences in stream assessment samples among (A)
major river basins in (B) Kansas, USA.
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Figure 1.2. Marginal effects on the predicted probability of Topeka Shiner presence (Y axis) from the top multiple logistic regression
model that investigates 11 ecological variables. Predictor ecological variables on the X axis include: (A) baseflow index (%
contribution of groundwater and other sustained water sources to stream flow), (B) stream depth (estimated in meters), (C) clay (% in
catchment surface geology), (D) number of dams (total in the mainstem), (E) species richness (number of fish species in a single
sample), (F) gradient (m/m), (G) grassland (% cover in catchment), (H) cropland (% cover in the catchment), (1) curvature, (J)
development (% cover in the catchment), and (K) pastureland (% cover in the catchment). Raw data distributions are depicted with
black points at the top and bottom of each panel, response trends are black lines, and confidence intervals are shown in grey. The
model results in this figure correspond to Table 2.
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Figure 1.3. Importance of 11 ecological variables describing Topeka Shiner population distributions in Kansas from 670 stream
samples collected between 1947 and 2020 using (A) mean decrease in accuracy and (B) mean decrease in Gini purity index modeled
by random forest on the X axes. Predictor ecological variables on the Y axes include: baseflow index (% contribution of groundwater
and other sustained water sources to stream flow), stream depth (estimated in meters), clay (% in catchment surface geology), number
of dams (total in the mainstem), species richness (number of fish species in a single sample), gradient (m/m), grassland (% cover in
catchment), cropland (% cover in the catchment), curvature, development (% cover in the catchment), and pastureland (% cover in

the catchment).
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Figure 1.4. Partial Dependency of predicted probability of Topeka Shiner presence from 11 ecological variables. Predictor ecological
variables include: (A) species richness (number of fish species in a single sample), (B) clay (% in catchment surface geology), (C)
baseflow index (% contribution of groundwater and other sustained water sources to stream flow), (D) curvature, (E) development (%
cover in the catchment), (F) gradient (m/m), (G) number of dams (total in the mainstem), (H) grassland (% cover in catchment), (I)
stream depth (estimated in meters), (J) cropland (% cover in the catchment), and (K) pastureland (% cover in the catchment). Raw
data distributions are shown as black points, raw response trends as black lines, and LOESS smoothed trends with confidence intervals

in grey. (B)
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Figure 1.5. Multiple logistic regression and random forest model performance as described by
(A), (C) confusion matrices with predicted values on the X axis and observed values on the Y
axis; and (B), (D) receiving operator characteristic (ROC) curves with 1-specificity on the X
axis, sensitivity on the Y axis, model predictions in solid, and expected values in dashed lines.
Multiple logistic regression accuracy = 88.21%. Area under the curve (AUC) = 0.935. Random
forest out-of-bag error = 7.16%. Accuracy = 92.84%. AUC = 0.998.
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Figure 1.6. Predicted probability of presence in response to clay substrate composition (%) and
species richness across the state of KS from (A), (C) multiple logistic regression and (B), (D)
random forest ecological models of Topeka Shiner distributions in Kansas from 670 stream
samples collected between 1947 and 2020. Predictor ecological variables include: (A), (B) clay
(% in catchment surface geology) and (C), (D) species richness (number of fish species in a
single sample) on the X axes. Response on the Y axes represents predicted probability of Topeka
Shiner presence.
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Figure 1.7. Predicted probability of presence in response to stream depth (m), number of dams,
and baseflow index across the state of KS from (A), (C), (E) multiple logistic regression and (B),
(D), (F) random forest ecological models of Topeka Shiner distributions in Kansas from 670
stream samples collected between 1947 and 2020. Predictor ecological variables include: (A),
(B) stream depth (estimated in meters); (C), (D) number of dams (total in the mainstem), and (E),
(F) baseflow index (% contribution of groundwater and other sustained water sources to stream
flow) on the X axes. Response on the Y axes represents predicted probability of Topeka Shiner
presence.
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Figure 1.8. Map of predicted probability of Topeka Shiner presence in Kansas from 12,086
stream samples collected (81% between 2000-2021) as modeled by 11 ecological variables using
(A) multiple logistic regression and (B) random forest. Comparisons were made between
statistical approaches for sites above and below 50% probability of presence from multiple
logistic regression and predicted presence (1) or absence (0) from random forest.
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Chapter 2 - Applying and expanding a structured approach to the systematic statistical
analysis and ecological interpretation of existing data to guide imperiled Great Plains fish
conservation

Abstract

Data-based evidence supports conservation of native species at statewide and regional scales. However, analyses of statewide
biodiversity monitoring data can generate highly uncertain trends for habitat associations of and threats to data-limited species. Our
overarching goal is to analyze and interpret existing monitoring data to guide future data-driven activities, aid conservation planning,
and support decision-making. To guide future research and management, we applied the Rode et al. framework to the Topeka Shiner
(Notropis Topeka,; n =335 presence locations), using an existing statewide monitoring dataset (N = 12,086). In addition, we performed
six connected iterations of this existing framework, each testing new data driven questions. These six iterations include (A) identifying
agreement and disagreement in data and model trends, (B) testing nonlinear relationships, (C) refining ecological variable metrics and
assessing changes in outcomes, (D) testing interactions between ecological variables, (E) incorporating random effects, and (F)
comparing statistical models to identify consistently influential variables as needed. Comparisons across framework iterations
advanced our ecological understanding of the drivers of Topeka Shiner distribution, regardless of subtle improvements in model
accuracy (86 - 90%), precision (93 - 97%), and fit (AAIC. ~ 50). For example, consistency across all models in the significance of four

ecological variables (stream depth, clay, baseflow index, and predator species richness) decreased ambiguity and increased confidence
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in trends. Our analyses provide multiple examples of data-based conclusions, new questions of interest, related sampling strategies,
and connections to agency applications. For example, future data collection activities could be critical to confirm an interactive effect
between intermediate baseflow index (20-30%) and increasing clay (>30%) to inform habitat protections and reintroduction efforts
based on hydrological regulating effects of baseflow. In summary, our application of the framework enables researcher-manager teams
to identify novel and robust ecological trends from existing field data to support current and future data strategies for the conservation

of Topeka Shiner.
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Introduction

Importance of Data-Based Evidence for Effective Natural Resource Conservation.

The foundation of applied ecological research, conservation planning, and actionable management is often data-based evidence
about drivers of natural and altered organismal patterns and related anthropogenic impacts (Salafsky et al., 2019). Biodiversity
monitoring data provide an important source of ecological evidence for local, regional, and statewide status and trends of native and
invasive species (Lindenmayer & Likens, 2010). Specifically, regular monitoring assessments of stream and river biotic communities
are essential for quantifying native fish distribution and abundance, a type of data that helps to identify effective future conservation
actions (Radinger et al., 2019). Our overarching goal is to systematically analyze and interpret existing monitoring data to better guide

future data-driven activities, aid conservation planning, and support decision-making.

Challenges with Analyzing Existing Monitoring Data.

Monitoring datasets can require special consideration in data analysis and interpretation for several reasons. Statewide and
regional monitoring programs collect organismal and environmental data across broad spatial and temporal scales representing a wide,
natural range of abiotic and biotic conditions (e.g., KDWP, 2008; KDHE, 2020). As a strength, monitoring data for organisms of
conservation concern provide a rare view of distributions and abundance at jurisdictional levels relevant to policy decisions
(Lindenmayer et al., 2022). Nevertheless, difficulties can arise in analyzing and interpreting field monitoring data for which

underlying biotic and abiotic conditions are highly variable and/or only partially constrained. First, an inevitable consequence of
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providing these big picture trends is an increased level of unexplained variation that typically exceeds the magnitude of statistical error
that is present in controlled and experimental datasets (Gitzen et al., 2012). Second, uncommon or imperiled species, which are often
the focus of data-driven conservation, are present at fewer locations, have less data available, and often are associated with analyses
that have lower statistical power (Olden & Jackson, 2002). Third, sampling designs of natural systems should consider the wide range
of underlying abiotic heterogeneity that often occurs at statewide or regional scales (e.g., randomly stratified, incremental, or spatially-
balanced sampling approaches; Steen et al., 2021). Fourth, field data sets often violate statistical assumptions (e.g., distributions,
correlations), which can create highly biased and erroneous results (Olsen et al., 1997). Finally, because no sampling regime can
sample everywhere all the time, even the best monitoring designs will have information gaps (Bowler et al., 2025). If unaddressed,
these statistical challenges related to analyzing field data can increase ambiguity in results within and across studies, cause unjustified
lack of significance, create spurious statistical patterns, and unnecessarily increase unassigned error. All these quantitative difficulties
related to field data collected in monitoring surveys can prevent professionals, who are charged with aquatic and terrestrial

conservation, from learning all they can from existing data.

Great Plains Stream Fish.

Improving analysis and interpretation of existing distribution data and associated threats can benefit the conservation of Great
Plains native prairie stream fish. Prairie streams are a unique type of aquatic ecosystem, characterized by low gradients, naturally-

occurring extreme flows, intermittent drying, turbid conditions, and a reduced canopy (Wishart, 2004). These aquatic systems, set in
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grassland catchments, stretch from Texas to Montana (Matthews, 1988). In general, native fish species that inhabit Great Plains stream
and river systems are becoming increasingly imperiled by increasing anthropogenic pressures that disrupt the naturally-occurring
extreme flows and highly turbid water in which many of these small-bodied native fish have co-evolved (Dodds et al., 2004).
Specifically, native prairie fish can be adversely affected by widespread predator sportfish stocking, agricultural impacts on water
quantity and quality, land-use alterations that result from human development, and loss of connectivity caused by dam construction
(e.g., Bouska & Paukert, 2010; Cross & Moss, 1987; Gido et al., 2010; Perkin et al., 2015). In Kansas, the prairie stream fish
communities that inhabit more than 160,000 river kilometers of streams and rivers are a major conservation priority, because
population declines have occurred in more than half of the 116 native fish species (Haslouer et al., 2005; Rohweder, 2022).
Specifically, 32 native Kansas fish species are listed as species in need of conservation (SINC), 11 fish taxa are listed as threatened,
and 5 species are considered endangered (T&E) (Rohweder, 2022). The current Kansas State Wildlife Action Plan (Rohweder, 2022)
identifies that the distribution and abundance of native Kansas stream fish across the state’s 12 major river basins are threatened by the
same pressures that face prairie stream fish throughout the U.S. Great Plains. Underscoring the importance of conservation of these
unique species is a need for data-driven insights to inform adaptive management efforts, especially for rare fish for which monitoring

data are sparse.
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Objectives.

Here we expand an existing adaptive management framework for analyzing fish monitoring data in Great Plains stream
systems by addressing three objectives (Figure 2.1; Rode et al., 2025). Adaptive management frameworks can extract decision-relevant
insights from limited available data (Williams, 2011) and integrate existing knowledge and data to create a strong foundation for
ecological learning in ongoing conservation management (e.g. Bopp et al., 2025). Rode et al. (2025) developed a 12-step framework
that addressed the conservation question of “why might a specific native stream fish taxon be present or absent at specific locations?”
For our first objective, we apply the original Rode et al. (2025) framework to an imperiled fish species, the Topeka Shiner (Notropis
topeka), using a statewide Kansas monitoring database. As a second objective, we applied the 12-step framework in six additional
connected iterations to test new and increasingly complex questions to hone ecological insights and support more specific guidance for
future data collection, monitoring analyses, and restoration options (Figure 2.1). These additional iterations included (A) identifying
agreement and disagreement in the systematic review of data distributions and model trends, (B) testing for and including nonlinear
relationships in statistical models as appropriate, (C) refining ecological variable metrics and assessing changes in outcomes, (D)
testing for and including interactions between ecological variables in the statistical model as appropriate, (E) incorporating random
effects to the statistical model as appropriate, and (F) comparing individual statistical models to identify consistently influential
variables. For our third objective, in the discussion, we integrate knowledge across all iterations of the 12-step Topeka Shiner
framework to generate ecological insights, inform specific conservation actions, and provide recommendations for future data

collection and analyses (Figure 2.1). The novelty of this approach resides in its application to a rare fish taxon with limited monitoring
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data, which demonstrates utility of the Rode et al. (2025) framework with implications for conservation monitoring of other rare

taxonomic groups.

Methods

Overview of the 12 Steps in the Rode et al. (2025) Framework.

The Rode et al. (2025) adaptive management framework (hereafter, “the framework™) couples long-term monitoring data to a
12-step loop that can progressively accumulate ecological insights through repeated, connected cycles (Figure 2.1). In each 12-step
framework iteration (cycle or loop), researcher-manager teams prioritize a single, relevant overarching question for the entire cycle
(Step 1). A specific taxon and relevant spatiotemporal scale (Step 2) are matched to the overarching question (Step 1). While Steps 1-2
establish the focus of one framework iteration to a single overarching question, taxon, and scale, the 12-step framework cycle can be
repeated multiple times to address additional overarching questions, taxa, and/or scales. Next, relevant literature is reviewed and
analyzed through a Weight of Evidence (WokE) procedure (Step 3), and teams methodically select fish-relevant ecological variables
from the literature (Step 4). Once existing habitat and impact data for sites with fish occurrence data are compiled (Step 5), teams
clean and check habitat and fish data (Step 6). Then, a series of targeted questions are defined (Step 7) related to the overarching
question (Step 1) and are next addressed by systematically running a standard set of data visualizations and statistical analyses in

specific sub-steps (Sub-steps 8A-F). Outputs from all previous steps (especially Steps 3 and 8) are integrated through a qualitative
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WoFE procedure (Step 9), to identify emerging questions (Step 10), propose options for realistic field sampling designs to guide future

efforts (Step 11), and link data, analyses, and plans to subsequent iterations of the framework (Step 12).

Applying the Framework to a Rare Taxon (Objective 1).

Steps 1-2. Overarching Question, Taxon, Scale. Here, our overarching question was “Using fish monitoring and existing GIS
data, what environmental and biotic variables are linked to the site-specific probability of a Topeka Shiner being present or absent
across Kansas, a US state?” We selected Topeka Shiner, because this federally-endangered and Kansas-threatened species is a high
priority in management planning (KDWP, 2022; USFWS, 1998). For our Kansas statewide scale, we used 12,086 fish presence-
absence samples for 10,624 unique stream sites from standardized monitoring, historical specimens, and collection permits (KDWP,
2024). Eighty-one percent of these collections were made between 2000 — 2021.

Step 3 - Literature Review: In a Web of Science literature review, we used the keywords “Notropis topeka” (or “Topeka
Shiner”) and “Kansas” to compile original studies and review articles. While we included “Kansas” as a search term, relevant peer-
reviewed journal articles could include studies undertaken across Topeka Shiner’s native range including sites outside of Kansas. To
define expected trends with ecological variables, we calculated the percentage of these peer-reviewed papers that reported significant
trends for each variable considered. Articles that reported qualitative, observational, untested trends and non-significant effects were

grouped and compared to significant trends.
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Steps 4 —5 Choose and Acquire Environmental Data: From five GIS databases and existing monitoring data (Table 2.1), we
obtained variable metrics for the following eight ecological categories: stream size, substrate, stream flow, biota, land use, gradient,
curvature, and dams. We carefully assessed how the ecological variables could influence fish survival and growth then defined
specific, measurable metrics to characterize these variables (Table 2.1). We prioritized recent (2000 — 2021) GIS data corresponding
to years in which most stream fish were collected (81%) to calculate environmental variable values for all sites. We extracted GIS data
for the same latitudes and longitudes as fish samples.

Step 6 — Data Cleaning. We performed quality control measures to clean GIS data and stream site samples by removing entries
with missing values, checking and correcting location data, and assessing influence of extreme values. We transformed the abundance
of all fish species including Topeka Shiner to presence-absence at the site level, to account for effects of collection gear and year
variation on abundance estimates.

Step 7 — Specific Questions. As in the original proof-of-concept application of the framework (Rode et al., 2025), we chose six
specific questions that correspond to subsequent quantitative procedures in Sub-steps 8A-F. These specific questions included: (A)
Where is the taxon present and absent?; (B) What is the range of environmental conditions sampled?; (C) How do individual
environmental variable values differ between fish presence and absence sites?; (D) What are the best metric and scale option for each
ecological variable?; (E) What is the quality of the best statistical models created (e.g., accuracy, precision)?; and (F) How are

ecological variables are associated with fish presence and absence in the best statistical model(s)?
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Step 8 — Quantitative Loop. In sub-steps 8 A-F, we match a specific visualization or analytical procedure to each specific
question listed above (Step 7A-F). Presence-absence maps (Sub-step 8A; specific question 7A) were developed in ArcGIS Pro (Esri
Inc., 2024). All other analytical procedures were performed in program R (R Core Team, 2025). For Sub-step 8B, we created
histograms (ggplot2; Wickham, 2016), while bar plots, spatial maps, kernel density estimator (KDE) ridge plots, boxplots and simple
logistic regression probability plots (sf, stats, ggplot2 packages, Pebesma, 2018; R Core Team, 2025; Wickham, 2016) were created
for Sub-step 8C. For Sub-step 8D, we selected a single metric within each ecological category by prioritizing the metric with the most
consistent effects on Topeka Shiner presence, the fewest missing values, and minimal zero-skewness.

For Sub-steps 8E-F, we balanced our Topeka Shiner presence-absence data by randomly selecting an equal number of absence
sites to pair with Topeka Shiner presence sites (Steen et al., 2021). A small number of sites (n = 10 of 670 observations) had repeated
sampling efforts on separate dates, which was insufficient to assess change in Topeka Shiner distributions and ecological relationship
through time. Given the very small proportion of affected samples, we retained all observations. We excluded highly correlated
metrics (Pearson’s correlation threshold > 0.70) from the same model and ran separate models for correlated variables (reported in
Appendix B Table 3-Appendix B Table 4). With the performance package, we assessed multicollinearity using variable inflation
factors (VIF) > 10 (Kutner, 2005; Liidecke et al., 2021). We fit multiple logistic regression (MLR) models with the original and
standardized data (mean = 0; standard deviation = 1), a logit-link function, and a Laplace maximum likelihood estimator from the
glmmTMB package (Hosmer et al., 2013; McGillycuddy et al., 2025). Top models were identified as those for which AAIC. <2

(41Ccmodavg package; Arnold, 2010; Mazerolle, 2023; Sutherland et al., 2023). We evaluated the performance and sensitivity of top
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model(s) with 10-fold cross validation and the area under receiving operator characteristic curve (caret, pROC packages; Kuhn &
Max, 2008; Robin et al., 2011). For significant variables in the top model (p < 0.05; 95% CI excludes zero), we evaluated the
direction, size, and odds-ratio (OR) of variable-specific standardized beta coefficients. With probability plots, we visualized the
marginal effects of individual environmental variables by holding all other variables in the ecological model at the mean (stats,
ggplot2 packages; R Core Team, 2025; Wickham, 2016). In the discussion, we integrated evidence from the literature review,
visualizations, and analyses to determine the role of each variable using WoFE (Step 9), as well as identify emerging questions,
potential next steps, and links to continued framework iterations (Steps 10-12). Summaries of this first and subsequent iterations of the
framework to address connected emerging questions are provided in (Table 2.2). For Objectives 2A-F, we followed and built upon the

same procedures for MLR modeling as described in Objective 1.

Framework Iterations (Objective 2; Figure 1).

Compare Data Visualizations Systematically and Critically (Objective 2A).

For the second framework iteration, we asked, “How do data visualizations and modeled trends agree or disagree on the
influences of environmental variables on Topeka Shiner distributions?”” We critically examined six data visualizations for each
environmental variable and predicted that informative similarities and differences would be identified across plots. Specifically, we
identified consistent and inconsistent trends across histograms, boxplots, ridge plots, habitat maps, and probability plots to aid

interpretation of statistical models. We expected broad agreement between patterns observed for environmental variables previously
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associated with Topeka Shiner habitat, while recognizing that differences could arise due to weaker correlative relationships,

insufficient variation of data, existence of nonlinear trends, and interactions among environmental variables.

Exploring Nonlinear Variable Parameterization (Objective 2B).

For the third framework iteration, we addressed the emerging question, “Does baseflow index influence Topeka Shiner
distributions as a nonlinear variable?” We predicted based on inconsistent data trends identified in Objective 2A that baseflow index
would exhibit a nonlinear relationship with Topeka Shiner presence, with occurrence highest at intermediate values of baseflow index.
Therefore, we explored nonlinear trends by evaluating three parameterizations of the variable baseflow index. Candidate simple
logistic regression models that explored how these linear and nonlinear parameterizations of baseflow index affected Topeka Shiner
presence included: (1) one linear parameter, (2) one squared parameter, and (3) two quadratic parameters (linear and squared terms
together). Then, the most explanatory parameterization (AAIC. < 2) was reintroduced to the full multiple logistic regression model. As
needed for polynomial variables, we calculated inflection points (e.g. peaks) with original data and maximized instantaneous slopes
with standardized data (Strang & Herman, 2016a, 2016b). Due to including variables twice in the same model to accommodate a

polynomial term, we expected inherently high (>10) VIF with original data (Kutner, 2005).

Refine Specific Metrics within an Ecological variable (Objective 2C).
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For the fourth framework iteration, we asked, “What groups of species provide more specific insights about the negative
relationship with high species richness?” We predicted that subsets of the fish community defined by biotic interactions and species
traits would have stronger associations with Topeka Shiner distributions than diversity of the entire fish community. By replacing the
biotic metric used in our previous iterations, total species richness, we explored three biotic metrics (predator species richness,
competitor species richness, facilitator species richness) to provide more actionable information on functional relationships within
fish communities. The biotic metrics were based on guild classifications developed from a national database (FishTraits database;
Frimpong & Angermeier, 2009), recommendations by a Kansas fish expert (J. Hofmeier, personal communication, 2024-2025), and
supporting Kansas literature (e.g., Eberle et al., 2014). We assigned fish species to the three trait groups based on (1) trophic ecology,
(2) body size, and (3) reproductive ecology using characteristics described for adults (Appendix B Table 1). First, species with
piscivorous diets and body sizes larger than Topeka Shiner (>7.6 cm) were placed into a “potential predator guild.” Second, we
assigned species with invertivorous diets to a “potential competitor guild.” Finally, fish attributed with nest building and egg guarding

behaviors (including lithophiles) comprised a “potential facilitator guild.”

Explore Interactions (Objective 2D).
For the fifth framework iteration, we addressed the emerging question, “Do multiple environmental variables interact to
influence Topeka Shiner distributions simultaneously?” We tested the significance of two and three-way interactions among the

significant variables (p < 0.05) identified in Objective 1 and prioritized interactions with ecological justifications. For example, we
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predicted that the influence of hydrological conditions would vary with other physical stream habitat characteristics (Rosenfeld, 2017),
such that combinations of environmental variables could produce increases, decreases, or peaks in predicted probability of Topeka
Shiner presence beyond the effects of individual variables. To simplify the complexity of Objectives 2D-E , we only included
significant variables in the final model iterations (Bolker et al., 2009). For significant interactions, we visualized marginal effects to
understand how the response of one explanatory variable on the predicted probability of Topeka Shiner presence varied across levels

of the second explanatory variable (interactions package; Long, 2024).

Account for Random Effects (Objective 2E).

For the sixth framework iteration, we asked “Are trends with environmental variables stable despite the distribution of our
limited data?”” With regional concentration of Topeka Shiner presences, we predicted that accounting for regional variation would
improve estimates of environmental relationships at the statewide level. We utilized proportional bar plots to assess the relative
distributions of samples collected in our balanced dataset across the 12 major KS river basins (ggplot2 package; Wickham, 2016). To
detect spurious and spatially correlated relationships from previously described trends across the state, we incorporated a random
intercept in the reduced ecological model through grouping sites by major river basins. Furthermore, we evaluated model predictions
by applying the mixed model estimates to the full monitoring dataset, which included samples not used in training (stats package; R
Core Team, 2025). Then, we assessed predictions spatially to compare mapped model estimates with the map of original fish

observations (ggplot2 package; Wickham, 2016).
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Compare Models (Objective 2F).

For the seventh framework iteration, we addressed the emerging question, “What do we learn from comparing results from
each model in Objectives 1-2E?” Similar to Objective 2A, we predicted that comparisons among models would reveal informative
similarities and differences in ecological inference. We expected agreement among models for the most influential environmental
variables, while disagreements would reflect the effects of different modeling assumptions or weaker ecological relationships given
the current dataset. We further predicted that sequentially incorporating ecological complexity would refine inference by revealing
whether additional model structures improved explanation and prediction of Topeka Shiner distributions. Specifically, we identified
consistent and conflicting trends and changes in information criteria, model accuracy, and relative strength of relationships from
framework and MLR model iterations. Rankings for relative strength (or influence) of ecological variables on predicted probability of
Topeka Shiner presence were assigned using the size of standardized coefficients (e.g., 1st = highest absolute magnitude), or the

combined instantaneous slope for polynomial variables.

Results

Objective 1 — Application of the Framework to a New Taxon (Steps, 3, 7, 8A, 8C, 8E-F, 9).

Step 3 - Literature WoE. Inconsistency in the current literature about how variables affect Topeka Shiner makes establishing

generality challenging. Conclusions from 35 peer-reviewed studies did not consistently agree on whether and how variables in
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different ecological categories affected Topeka Shiner (Figure 2.2; Appendix B Table 2). The eight studies that measured stream
length, order, or depth reported divergent results about whether system size was positively (25%; e.g. Galic et al., 2023), negatively
(50%; e.g. Winston, 2002) or not significantly related (25%; e.g. Fischer et al., 2018) to Topeka Shiner presence (Figure 2.2A). The
five studies that measured substrate as bedrock geology, sand, gravel, or fine-to-coarse particles provided mixed views on whether
any of these substrate metrics significantly affected Topeka Shiner (40% positive sand and alluvium, e.g. Witte et al., 2009; 60% no
significant effect, e.g. Gerken & Paukert, 2013; Figure 2.2B). Six studies differed in conclusions about Topeka Shiner’s relationship
with in-channel surface flow (33% positive; Wall et al., 2004; 66% no significant effect; Adams et al., 2000; Bouska & Paukert, 2010;
Figure 2.2C) and groundwater flow (33% positive; Wall et al., 2004; 66% no significant effect; Bayless et al., 2003; Wall & Berry,
2004; Figure 2.2C). Of seven articles, researchers disagreed about the importance of various biotic influences including community
diversity (66% positive; Gerken & Paukert, 2013; Simpson et al., 2019; 33% no significant effect; Schrank et al., 2001), predators
(20% negative; Schrank et al., 2001; 80% no significant effect; e.g., Winston, 2002), competitors (17% positive; Simpson et al., 2019;
17% negative; Simpson et al., 2021; 66% no significant effect; e.g., Gerken & Paukert, 2013), and nest facilitators (100% positive;
n=1; Simpson et al., 2021; Figure 2.2D). Related to /and use, three studies diverged in assessments of how pasture and row crop
agriculture influence Topeka Shiner (33% positive; 66% no significant effect), and one study queried the role of urbanized
development (no significant effect; Gerken & Paukert, 2013; Figure 2.2E). Two empirical studies deviated in judgement about the
impact of dams on Topeka Shiner (50% negative; Schrank et al., 2001; 50% no significant effect; Gerken & Paukert, 2013; Figure

2.2F).
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Steps 7, 8A. In Kansas, Topeka Shiner was present in 341 stream monitoring samples from 335 unique locations (Figure 2.3).
Presences occurred in the Lower Kansas-Republican River, Neosho, and Smoky Hill-Saline River basins, primarily in the Flint Hills
ecoregion of Northeast Kansas. A single, more isolated population occurred near the western Kansas border.

Steps 7, 8C. The relationships with Topeka Shiner presence differed across ecological variables. In exploring the raw data,
Topeka Shiner presence was inversely related to stream depth with more presences at sites with low (< 3m) stream depths and more
absences in deeper streams (Figure 2.4A). More Topeka Shiner presences occurred in stream sites with higher clay compositions (>
30%) (Figure 2.4B). Most Topeka Shiner presences occurred at sites with a baseflow index between 20-30% whereas this imperiled
fish taxon was often absent at baseflow index below 10 and above 30% (Figure 2.4C). Topeka Shiner was most often present in
streams with lower species richness (Figure 2.4D). Fish presences often occurred at higher values of grassland, gradient (~0.005),
curvature (>28) (Figure 2.4E, F, G). The total number of sites and Topeka Shiner were collected more often in streams with lower
development, cropland, pastureland, and number of dams (Figure 2.4H-K).

Steps 7, 8E, 8F. Our top MLR model had 88% accuracy and 93% precision, without high multicollinearity (VIF < 10). This top
model identified four ecological variables that were significantly related to Topeka Shiner presence: stream depth, clay, species
richness, and number of dams (Table 2.3). Using standardized data, our top model predicted that Topeka Shiner presence was
associated with decreasing stream depth (p = -1.86), with increasing clay (p =2.07), lower species richness (p =-0.69), and a reduced

number of dams (p =-0.79).

58



Step 9 — WoE. From the literature (Step 3), we identified that stream size, substrate, flow, biota, land use, and dams were
important variables in some Topeka Shiner studies. In our data assessments, agreement existed among visualization plots (Sub-step
8C) and our MLR model (Sub-steps 8E-F) about the importance of stream depth, clay, species richness, and number of dams.
Combined literature, visualization, and statistical model data provided a strong foundation for making practical decisions on next steps

and future conservation actions related to Topeka Shiner (Steps 10-12; see discussion).

Objective 2A. Compare Data Visualizations Systematically and Critically.
Both consistent (e.g., stream depth) and inconsistent (e.g., baseflow index) trends emerged from WoFE integration of data

visualizations (Sub-steps 8B). For both variables, histograms showed that a range of sites were sampled (
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Figure 2.5A, Figure 2.6A), and that no obvious regional patterns existed (
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Figure 2.5D, Figure 2.6D). For stream depth, boxplots (
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Figure 2.5B) and KDE ridge plots (
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Figure 2.5C) agreed that Topeka Shiner was most often present at shallow stream depths (Sub-Step 8B), and probability plots

from single and MLR further confirmed negative associations between Topeka Shiner and stream depth (
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Figure 2.5E-F). However, for baseflow index, boxplots and KDE ridge plots showed that
Topeka Shiner most often occurred at an intermediate level of baseflow index (Figure 2.6B-C),
but probability plots from single and MLRs indicated negative associations between Topeka

Shiner presence with baseflow index (Figure 2.6E-F).

Objective 2B. Explore Nonlinear Variable Parameterization.

In assessing whether a non-linear function better describes the relationship between
baseflow index and probability of Topeka Shiner presence, we found that individual parameters
(baseflow index or baseflow index? alone) did not describe data trends well (AAIC. > 2; Figure
2.7A, B). However, using a quadratic function (baseflow index and baseflow index’ together)
identified a significant downward parabolic relationship (peak-shaped curve) between baseflow
index and Topeka Shiner probability of presence (Figure 2.7C). In adding a quadratic parameter
for baseflow index to our MLR with the same 11 ecological variables described earlier, stream
depth, clay, species richness, and number of dams continued to significantly affect Topeka
Shiner probability of presence. In addition, a significant relationship emerged between baseflow
index? and the probability of Topeka Shiner presence, showing the importance of the combined
quadratic effect. Furthermore, the inverted parabola showed that predicted probability of Topeka
Shiner presence peaked at 24.4 baseflow index (Figure 2.8), and the strongest response to one
standardized increase in baseflow index was 6.63-fold increase in predicted probability of
Topeka Shiner presence (combined slope at minimum baseflow index; individual estimates in

Table 2.4).
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Objective 2C. Refine Metrics within an Ecological variable.

In examining relationships between specific subsets of the fish community and
probability of Topeka Shiner presence, we found small, but informative, ecological and
statistical differences in the effects of predator species richness and competitor species richness
compared with the original biotic variable, total species richness (Figure 2.9). The relationship
between facilitator species richness and the probability of Topeka Shiner presence was weaker
and more variable (Figure 2.9). For all four biotic metrics, communities with lower species
richness were sampled most often (Figure 2.9A-D). KDE ridge plots showed clear decreasing
trends, in which both Topeka Shiner presences and absences were more common with lower
species richness (Figure 2.9E-H). On average, stream communities at sites with higher tofal
species richness (Figure 2.91), predator species richness (Figure 2.9]), and competitor species
richness (Figure 2.9K) included Topeka Shiner less often than communities with fewer species.
Facilitator species richness did not show a clear effect on Topeka Shiner presence or absence,
which may be in part due to nest-building species occurring at relatively few sites overall (Figure
2.9L). Probability plots from single logistic regression also showed significant inverse
relationships between Topeka Shiner presence and fotal species richness (Figure 2.9M), predator
species richness (Figure 2.9N), and competitor species richness (Figure 2.90). Among the
subsets of the fish community, only predator species richness demonstrated stronger negative
associations and higher explanatory power (AAIC. < 2) than fotal species richness. When
introduced to the MLR model, predator species richness (Table 2.5), like the previous model
that contained total species richness (Objective 2B, Table 2.5), showed significant relationships
between Topeka Shiner presence and stream depth, clay, quadratic baseflow index, and number

of dams (Table 2.5; Figure 2.10A, B, C, D, K). As a new insight, when the significant predator
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species richness replaced total species richness as a biotic variable, grassland became a
significant environmental variable and had an increasing relationship with the predicted

probability of Topeka Shiner presence (Table 2.5; Figure 2.10E).

Objective 2D. Explore Interactions.

When examining two- and three-way interactions among all variables for multiple
combinations of ecological conditions that may support Topeka Shiner persistence, only an
interaction between baseflow index and clay (Table 2.6) was significantly related to predicted
probability of Topeka Shiner presence. As with previous models (Objective 2C; Table 2.5), the
effects of stream depth, predator species richness, and number of dams continued to be
significant (Table 2.6). The significant interaction between baseflow index and clay predicts that
either variable may compensate for conditions associated with lower probability of Topeka
Shiner presence. For the greatest probability of Topeka Shiner presence (75%; Figure 2.11), sites
conditions included approximately 50% clay and 20-40 baseflow index. However, even with
lower clay composition, the probability of Topeka Shiner presence exceeded 50% in the peak
range of baseflow index (20-30 %), (Figure 2.11A). Furthermore, increases in c/ay composition
boosted the predicted probability of Topeka Shiner presence beyond 50% despite lower baseflow

index (Figure 2.11B).

Objective 2E. Account for Random Effects.

In considering whether distributional biases may have influenced trends with probability
of Topeka Shiner presence, we found that most of the samples and all Topeka Shiner presences
occurred in three of the 12 major Kansas river basins (Figure 2.12A-B). With random effects to

offset the weight of sites in the more prevalent basins in our MLR model (Objective 2E, Table
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2.7), stream depth, clay, quadratic baseflow index, predator species richness, and the interaction
between clay and baseflow index (Objectives 1, 2B, 2C, 2D; Table 2.3-Table 2.7) continued to
show significant relationships with predicted probability of Topeka Shiner presence. The
inclusion of random effects confirmed that the trends we detected were common across major
river basins. However, the number of dams no longer contributed significantly to statewide
predictions of Topeka Shiner presence in the random effects model (Table 2.7), because the
random effect absorbed variability previously attributed to this variable. From random effect
model predictions, high (> 50%) probabilities of Topeka Shiner presence concentrated in the
Kansas-Lower Republican Basin and resembled the observed distribution of presences (Figure
2.3, Figure 2.13). Low (<50%) probabilities of Topeka Shiner presence spread across most of the
remainder of the state, including the Upper Republican, Upper and Lower Arkansas, and the

Missouri River Basins.

Objective 2F. Compare Models.

All five of our model iterations [(1) original framework (Objective 1); (2) non-linearity
(Objective 2B); (3) refinement in metrics (Objective 2C); (4) interactions among variables
(Objective 2D); (5) random effects (Objective 2E)] showed consistency in identifying variables
that significantly affected Topeka Shiner presence (Table 2.8). For all models, stream depth and
species richness (total or predator) always had significant negative effects on probability of
Topeka Shiner presence, and clay had a significant positive effect (Table 2.8). When baseflow?
was included in models (Objectives 2B-2E; Table 2.8), quadratic baseflow index was
consistently significant. Similarly, when the interaction between baseflow index and clay was
tested (Objectives 2D, 2E; Table 2.8), this effect was consistently significant. Although accuracy

(88, 88, 89, 86, 90%), precision (93, 94, 93, 93, 97%), and sensitivity (85, 84, 85, 83, 85%) were
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high in all models, AIC. decreased as the model sophistication increased (Table 2.8; Objective
1->Objective 2B > Objective 2C > Objective 2E, but not for Objective 2D).

Some informative differences emerged across models. First, in many models, numbers of
dams significantly decreased the predicted probability of Topeka Shiner presence (Table 2.8;
Objectives 1, 2B-2D), but the lack of significance of the numbers of dams variable in the random
effects model showed that this variable effect could perhaps be explained by differences across
river basins (Table 2.8; Objective 2E). Second, a positive, significant relationship with grassland
emerged only when predator species richness was substituted for fotal species richness
(Objective 2C, Table 2.8), suggesting that the broader biotic metric may have masked a historic
land use effect.

Comparing model coefficients () within and across models provided additional useful
information for evaluating the strength of relationships. Most standardized regression
coefficients changed minimally. In all models, clay and stream depth had consistently high
standardized regression coefficients (Table 2.8). In contrast, changes in the number of dams and
species richness exhibited relatively lower influences on predicted probability of Topeka Shiner
presence (Table 2.8; 3™ to 6™). However, as model sophistication increased, the relative
influence of clay decreased (Table 2.8Table 2.8; 1% to 4™), and the relative influence of stream
depth and baseflow index increased (Table 2.8; 1% and 2™%). Furthermore, predicted probability of
Topeka Shiner presence exhibited a stronger response to the interaction between c/ay and

baseflow index than the main effect of clay alone in the final model (Table 2.8; B: |-1.78| > 0.85).
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Discussion

Overview.

Our systematic application of the Rode et al. (2025) framework to existing state-wide
monitoring data for an imperiled species, Topeka Shiner, has provided new quantitative and
ecological insights that make statistical analyses of field data more useful, usable, and defensible.
As a result of the data analyses presented here, three broad take-home messages emerged that are
discussed in detail below. First, we confirmed that useful insights could be gained from applying
the original 12-step framework to existing field data on the federally endangered and state-
threatened Topeka Shiner in Kansas. Second, we refined the representation of ecological
relationships by adapting existing framework procedures to iteratively test new data questions.
Third, we provide guidance on where and how targeted sampling can address knowledge gaps
through our systematic analysis. These three take-home messages can help conservation

professionals make evidence-based decisions on how to allocate limited time and resources.

Take-Home 1: Applicability of the Original Framework to Topeka Shiner Data
(Objective 1).

By applying the original 12-step framework to Topeka Shiner distributional data, useful
insights emerged about previously described drivers (stream depth, species richness, number of
dams), as well as new (clay) environmental correlates. First, our results confirmed the previously
reported Kansas pattern of Topeka Shiner presence decreasing as stream depth increases
(Mammoliti 2014). The Topeka Shiner literature identifies varied influences of system size on
this imperiled fish, and our general categorization of Topeka Shiner as a small stream system fish

inhabiting shallower sites is consistent with existing literature showing that Topeka Shiner
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inhabits shallower depths (Stark et al., 2002), lower order streams (Winston, 2002) in smaller
drainage systems (Wahl et al., 2024).

Second, our data analyses confirmed that the probability of Topeka Shiner presence is
greater in Kansas systems with lower species richness. The peer-reviewed literature for Topeka
Shiner in Kansas examined varied influences of the biotic community, which have varied effects
on Topeka Shiner. Our finding about species richness is consistent with evidence directly linking
Topeka Shiner presence to low stream biotic diversity (Mammoliti, 2014; Schrank et al., 2001)
and indirectly linking less diverse communities to smaller stream systems (Fletcher Jr. et al.,
2025; Vannote et al., 1980). However, other studies suggest that Topeka Shiner can coexist with
more species in deeper habitats within streams such as pools or oxbows (Galic et al., 2023;
Schrank et al., 2001; Simpson et al., 2019). This inconsistent response to system size and biota
merits further investigation, because our predicted global trends for Topeka Shiner response to
whole stream segment measurements may differ from fish responses to ecological variables
measured at local habitat scales (Fausch et al., 2002; Steel et al., 2010).

Third, our application of the framework analyses to Topeka Shiner also identified number
of dams as a significant adverse impact. As suggested by general prairie stream literature (Dodds
et al., 2004; Ward et al., 1983), habitat and flow alteration from dam construction can be
detrimental to small-bodied native stream fish communities. We found that Topeka Shiner
presence was associated with fewer dams, a trend that is generally consistent with expectations
from our literature examining smaller impoundments (Gerken & Paukert, 2013; Schrank et al.,
2001). Although, this association diminishes in our later models (Objective 2), and the

substantial overlap in dam counts between sites occupied and unoccupied by Topeka Shiner

70



could suggest that other characteristics of anthropogenic barriers (e.g., size, function, location) as
opposed to number may better explain Topeka Shiner distributions in Kansas.

Fourth, we identified clay as a novel variable that is influential in predicting Topeka
Shiner presence. In our original model (Objective 1), clay soil was statistically significant, had a
large parameter estimate (3 = 2.07), and probability of Topeka Shiner presence was highest
among stream sites with greater than 30% surface horizon clay composition in the surrounding
landscape. Unlike most previous studies of Topeka Shiner which focus on in-channel substrate
[i.e., gravel substrate in the stream bed (Witte et al., 2009); but see (Schrank et al., 2001; Wall et
al., 2004)], we used a measurement of substrate as soil composition at broad spatial extents
(here, stream catchments). While individual fish may or may not select for instream clay
substrate, we found consistent indicators that systems with c/ay in the surface horizon geology
exerted strong influences on Topeka Shiner distributions. These geological relationships at the
larger landscape and watershed scales present a useful new avenue for understanding Topeka

Shiner distributions with an important yet under-explored ecological relationship.

Take-Home 2: Multiple Connected Framework Iterations can Enhance Ecological
Insights (Objective 2).

With demonstrating how multiple connected iterations operate in the Rode et al. (2025)
framework, we tested data-driven questions that required the addition of more complex features
to our existing models (Objective 2). Starting with simple models has advantages in statistics
(e.g. Bolker, 2008), fisheries monitoring (e.g. Dudley et al., 2022), and adaptive management of
environmental flows (e.g. Webb et al., 2017). Specifically, more complex models can be difficult

to interpret ecologically (Zuur et al., 2009) or provide weaker evidence for traditional hypothesis
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testing (Ranganathan et al., 2016). Nevertheless, given the challenges of field data, running and
comparing sequentially more complex models with ecological justifications can reveal useful
trends, explain ambiguity, and guide future data collections.

By examining and comparing multiple visualizations (Objective 2A), we identified
inconsistencies that can help in variable metric selection, suggest appropriate parametrization,
and diagnose assumption violations. Our systematic and detailed comparison of data plots can be
useful in alerting analysts to potential discrepancies prior to analysis and interpretation. Similar
trends in data plots (stream depth) can provide confidence in data interpretation initially, during
analysis, and in final synthesis. Differences in plots of the same data (baseflow index) can alert
the analyst that complexity exists that needs further examination. As an example, in our initial
analysis, data distributions and preliminary trends for baseflow index disagreed.

To address inconsistency across data plots, we reparametrized a nonlinear, quadratic
relationship between baseflow index and Topeka Shiner presence (Objective 2B). The
importance of groundwater proxies such as a nonlinear baseflow index would have been
previously missed in our analysis and other models (e.g. Bayless et al., 2003) if we had only
examined linear relationships. However, identifying the peak-shaped relationship between
baseflow index and Topeka Shiner presence was critically important because this parabolic
statistical relationship can reflect a positive, neutral, or negative ecological effect on Topeka
Shiner presence depending on levels of baseflow index in any given system. For example, the
peak in predicted probability of Topeka Shiner presence at 24.4 baseflow index represents a
potential habitat threshold at which further increases in baseflow index may result in lower

likelihood of Topeka Shiner presence in streams. In summary, by critically comparing data

72



visualizations and adding the option for nonlinear trends to the framework approach when
appropriate, we gleaned additional insights for Topeka Shiner.

More specific directions for future data collection-analysis and restoration options were
gained by including more targeted biotic metrics (Objective 2C). Trends in total species richness
provided useful and consistent ecological context in our models. However, species richness, as
an aggregate community metric, is agnostic to species identity and may provide limited
directions for research and management intervention relevant to specific effects such as predator
stocking, competitive exclusion, or nest habitats (Fletcher Jr. et al., 2025). In our analyses, the
sites with Topeka Shiner present or absent substantially overlapped in total species richness,
suggesting that the identity of fish species in the community may be more relevant to Topeka
Shiner presence than the total number of species. Upon subdividing fotal species richness into
functional groups, predator species richness provided the most informative biotic relationship
with Topeka Shiner presence. However, prior Topeka Shiner research has emphasized individual
predator species (e.g. Largemouth Bass (Micropterus nigricans); Knight & Gido, 2005), rather
than predator species richness (e.g., the aggregate of Channel Catfish (Ictalurus punctatus),
Creek Chub (Semotilus atromaculatus), Green Sunfish (Lepomis cyanellus), Largemouth Bass
and other predator species together). Here, choosing to focus our attention on a subset of species
(predators) rather than all species or just one predator taxon leads us to stronger and more
specific insights for understanding Topeka Shiner presence in Kansas stream communities.

By investigating potential interactions among variables (Objective 2D), more complex
drivers of distribution can be identified that can guide sampling, future research, and
management actions. Hydrological variables, like baseflow index, have been known to interact

with other habitat variables (e.g. stream structure, temperature; Rosenfeld, 2017). In our
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analyses, we examined and interpreted the effects of clay and baseflow index on Topeka Shiner
persistence together, a novel relationship which may require further assessment in field and
theoretical research.

By including random effects (Objective 2E), data analysts can assess generality of whole-
state trends help identify relationships that are artifacts of differences among systems rather than
clear mechanisms between the variable and species presence. Our systematic approach in
previous model iterations simplified analyses but may also have introduced spatial biases across
major river basins. Researchers in ecology use random effects to absorb background
heterogeneity among groups (here, river basins), increase generality of trends, and reduce the
likelihood of spurious correlations (Bolker et al., 2009). Our mixed effects model results
suggested that stream depth, clay, baseflow index, and predator species richness are robust
indicators of Topeka Shiner presence across all Kansas river basins. However, the effect of
number of dams in earlier models Objectives 1, 2B-D) may not apply across the entire state of
Kansas, based on our current dataset. Specifically, the statistical effect of number of dams in
fixed effect models appears to have been driven by underlying variation across river basins.

Furthermore, the prediction maps from both the mixed effect model (Objective 2E) and
the original model (Objective 1) can be used to compare where fish are likely to occur given
relationships between previous presences and habitat variables. For clarity, we did not use
predictions of fish probability as conjectures that populations should be found at given sites or as
absolute guarantees for detection of rare fish at a site if present. Rather, we used the predictions
to assess status, probe ecological relationships, and recommend allocation of resources and

conservation tools at the request of management partners. This distinction is important for
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separating a basic understanding of biogeographic distribution from a practical guide for
restoration.

Because statistical analyses of field monitoring data can provide potentially erroneous
and inconsistent results, checks to verify species distribution models and variable selection
analyses for reliable statewide management applications are especially important for imperiled
species. The five connected iterations developed here build upon the original Rode et al. (2025)
framework and provide additional ways to check the ecological realism of statistical results.
Thus, we gained additional confidence in our analysis of messy field data when we detected

similar trends as we systematically repeated model processes with incremental additions.

Take-Home 3: Benefits For Research and Management— Objective 3, Framework
Steps 10-12.

By applying the framework and compiling outcomes of Steps 1-9 across five iterations,
we identified useful and testable questions regarding the abiotic and biotic variable impact on
Topeka Shiner presence (Step 10). To target emerging questions and gaps, in the text that
follows, we develop a variety of sampling plans (Step 11). Information generated from our
analyses can inform collaborative agency review processes for fish protections (EPA, 2007,
USFWS & NMFS, 1986), as well as suggest subsequent framework cycles (Step 12). Below we
develop six ideas that integrate knowledge across all iterations of the 12-step framework to
generate ecological insights, inform specific conservation actions, and provide recommendations
for future data collection and analyses for Topeka Shiner (Objective 3, Framework Steps 10-12).

First, refining how larger scale soil measurements (e.g., c/ay) link to instream water

retention is a promising avenue to identify sites where Topeka Shiner might be present or where
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they could persist if translocated. Clay composition was a consistently positive predictor of
Topeka Shiner presence as a function of the surrounding landscape. In the gSSURGO database
from which catchment-level soil information was obtained, the c/lay measurements represent
surface horizon soil samples on land. Therefore, the coarse metric may or may not reflect
conditions in the wetted substrate available to fish; although, c/ay substrates in stream habitat
should not preclude the presence of other soil textures more commonly associated with Topeka
Shiner life history traits (e.g., gravel). We do not yet fully understand what these landscape scale
soil substrate measures mean to Topeka Shiner, but four testable hypotheses may explain which
stream sites will support Topeka Shiner. First, prairie stream systems with clay-beds or clay-
dominated landscapes may retain more water among summer pool refugia than their sand-bed
counterparts as fine materials deposit during low flows (Matthews, 1988). Second, the low
permeability of clay could be associated with minimizing seepage in the stream bed during low
flow conditions in stream systems (Winter et al., 1998). Third, clay in the watershed could
increase runoff into the stream channel during precipitation events (Waterman et al., 2022). Four,
near stream soil geology could contribute to regulating baseflow (e.g. slower infiltration; Price,
2011). Thus, for small stream fish in the Kansas Great Plains, c/ay landscapes could be indicative
of streams with geological characteristics that mitigate vertical water loss in critical Topeka
Shiner habitat during seasonal and climatic droughts. This raises a key question: “Does clay
composition in the streambed, riparian connections, or adjacent drainage area affect the
persistence of water in stream channels?” If this relationship is biologically meaningful, it could
help managers identify promising sites for reintroduction. Subsequent results could support

management actions by prioritizing stream segments and systems with geologic characteristics
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tied to habitat persistence for developing potential cooperative recovery agreements (KDWP &
USFWS, 2023).

Second, linking measures of baseflow index to instream, seasonal water could also help
researchers and managers prioritize streams with a persistent flow that will support Topeka
Shiner presence. Baseflow index was a consistent predictor of Topeka Shiner presence,
suggesting that this species most often occurs in areas with intermediate levels of hydrologic
support. In StreamCat, baseflow index is a catchment-scale estimate for the percentage of base
flow to stream flow, which assumes that groundwater is a major contributor. However, the
baseflow index combines multiple sources of sustained flow (e.g. groundwater, soil infiltration,
outflow from wetlands or other surface water bodies; Price, 2011) and functions as an indirect
proxy for sustained water for fish habitat on average. This information raises the question “Can
moderate values of baseflow index maintain flow in small prairie systems that have risks of
drying?” Operationally, this question could be addressed by measuring real-time wetted
conditions in streams using inexpensive water level recorders and relating the flow conditions
that fish experience to baseflow index across a gradient of conditions (soil moisture contents,
water-table elevation, groundwater spring presence). These data could support management
actions to protect critical Topeka Shiner habitat from water extraction and dewatering through
water-allocation decisions (Kansas Legislature, 1984).

Third, the interaction between clay and baseflow index further suggests that Topeka
Shiner may respond to multiple combinations of geologic and hydrologic conditions. Each could
reflect a habitat need for Topeka Shiner of stable refugia in small intermittent systems that are
prone to drying. Both broad-scale metrics may be relevant to drought refugia and water

persistence in small prairie streams, in that c/ay influences water loss and baseflow index
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corresponds to water inputs. This raises the question of “Can clay-dominated soils in the surface
geology compensate for low base flow?” To address this question, data can be collected on how
different combinations of clay and baseflow index affect Topeka Shiner presence or absence.
Fourth, combining easily measured main channel stream depth metrics with other
measures of stream size could create multi-metric indicators that identify small systems that can
support Topeka Shiner. In our analyses, stream depth was a consistently negative predictor of
Topeka Shiner presence as a function of the main channel habitat. Our metric for stream depth
was estimated as a function of the entire drainage area (NHDPlus, Bieger et al., 2015), and is a
measure of size of the entire sample location rather than specific habitat conditions encountered
by fish at the time of sampling. As an advantage, we were able to acquire stream depth data at all
fish sampling sites. Agency sampling protocols typically include site-specific measurements of
water depth along one or more transects, which more directly represent available habitat for fish
in the channel and at the riparian edge (e.g. KDWP, 2008), but these measurements are too labor
intensive to undertake at all fish sampling sites statewide. These results raise the question of
“Can multiple morphological metrics be combined to characterize the system size that supports
Topeka Shiner persistence across a wide range of systems?” This question could be addressed by
linking the broad GIS stream depth patterns estimated in our global model with local-scale
measurements of fish-specific, site-specific, and mesohabitat-specific depths in the thalweg,
within available mesohabitat (pools, runs, etc.), then cross-referencing locations where Topeka
Shiner is present or absent. Such a link could support remediation recommendations associated

with permit review and could help prioritize habitat restoration efforts in altered channels

(KDWP & USFWS, 2023).
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Fifth, while prevailing water availability issues in Kansas are critical (Dodds et al., 2004),
we also identify future directions for other threats (e.g. local predation and artificial barriers;
Gerken & Paukert, 2013; Pfaff et al., 2023). In our analysis, predator species richness was a
consistently negative predictor of Topeka Shiner presence as a function of riverscape community
composition. In our dataset, predator species richness was based on species presence-absence, so
it did not capture relative body-sizes, abundances, or life stages, all of which influence whether
observed predator populations can adversely affect Topeka Shiner. This leads us to ask the
question of “Can more detailed assessments of predators, competitors, and nest builders (e.g.,
abundance, age-size classes, seasonal behaviors) help identify specific biotic pressures that
influence Topeka Shiner presence or absence?” These guild-based analyses can guide
recommendations for sportfish predator stocking plans by identifying priority release locations or
timing that minimize predation risk (Campbell et al., 2016; USFWS, 2024).

Sixth, we did not find consistent evidence that the number of dams in mainstem streams
predicts Topeka Shiner occurrence, suggesting that the effect of such barriers remains uncertain.
The metric used here reflects dam counts of mostly large dams with specific heights and storage
capacities (> 7.62 m with 1.85 ha-m, or 1.83 m with 6.17 ha-m; Cooper & Infante, 2024), at
locations that may be less relevant to the upstream reaches where Topeka Shiner occur (e.g.
Schrank et al., 2001). This raises the question “Do dam metrics indicate coarse levels of stream
fragmentation, regional differences, or direct barrier effects?”” For management agencies, this
means that instream barriers may still matter, but the available data with gaps in intermediate
dam counts or with large dams alone cannot adequately detect trends at the statewide level. If

clarified, understanding the role of dams in Topeka Shiner distributions in Kansas could support
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management decisions for dam removal, mitigation, or construction projects (Kansas

Legislature, 1917; USFWS, 2024).

Conclusions - Advantages of Our Process.

Using this framework (original and adapted iterations) can improve the utility of existing
monitoring data for Topeka Shiner by providing a step-by-step, quantitative method to process
messy data that often violates many statistical assumptions. The framework is different than the
one-time analyses that most often occur for Topeka Shiner research and monitoring. Our study
illustrates how intentionally connecting multiple cycles of the framework provides checkpoints
to evaluate uncertainties and inconsistencies that may arise. The consistency of our results for
system size, substrate, flow, and biota demonstrates how our application of the framework
unearths new directions for Topeka Shiner research, management, and conservation and

demonstrates the potential to support similar analyses of monitoring data for other rare species.
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Table 2.1. Variables within 8 ecological categories used to model Topeka Shiner distributions in Kansas.

Tables

to fish, definition of measurement, units, spatial scale, database used, and source.

Included are variable name, relevance

Ecol?glcal Metric Fish Relevance Definition Units Spatial Database Source
Variable Scale
Stream depth influences flow regimes and
structures fish communities. Shallow National McKa
. Stream streams are associated with less flow and Estimated depth for NHDPlus Hydrography Y
Stream Size .. . . N Meters . etal.,
Depth smaller communities, while deeper areas flowline exit point. Flowlines Data Plus V2 2012
have larger quantities of flow and fish (NHDPIlus)
species.
Stream order is a common description of a
stream’s position within the river network,
with values increasing downstream of . McKay
. Stream . Modified Strahler NHDPlus
Stream Size Order confluences. Stream size or order can Stream Order Number Flowlines NHDPIlus et al.,
influence fish distributions, with some fish 2012
occupying a wide range (1-9) and others
restricted to a few orders.
Calculated average Soil
Soil composition of the stream channel and Surface Horizon A Soil Survey
Substrate Cla adjacent catchment areas may influence bed Composition, ratio of Percent NHDPlus Geographic NRCS,
v substrate and regulate runoff and baseflow mass of clay Catchments Database 2022
delivery to streams. (<0.002mm) to mass of (SSURGO)
soil fines.
Stream flow is often measured as water .
velocity, or the rate of water movement Gage-adjusted mean McKa
Stream Y, . annual (1971-2000) Feet Per NHDPlus Y
Flow through a system. Human alterations to the . : . . NHDPlus et al.,
Flow . . velocity for flowline exit ~ Second Flowlines
flow regime can be detrimental to many oint (Jobson method) 2012
aspects of fish life history. p
Base flow is the water flowing in stream Calculated index for the
channel excluding runoff, partially contribution of The Stream .
Baseflow . ’ NHDPlus Catchment Hill et
Flow attributed to groundwater. Human water groundwater and other Percent
Index . . . Catchments Database al., 2016
extraction can reduce water available for sustained sources to total (StreamCat)

fish with minimum flow needs.

stream flow
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Table 2.1. Variables within 8 ecological categories used to model Topeka Shiner distributions in Kansas. Included are variable name, relevance to
fish, definition of measurement, units, spatial scale, database used, and source.

Ecol?glcal Metric Fish Relevance Definition Units Spatial Database Source
variable Scale
Kansas
Biota Species  Species richness is commonly used as a measure (;algizceclefsr:ﬁ iarilofr‘tseh Number  Site Sample Department of Not
Richness  of ecosystem health and biotic community size. p P PI® Wildlife & Parks Published
stream sample
(KDWP)
Grassland cover is associated with prairie and National Land
Land Use  Grassland plains ecosystems. Kansas’ historical grasslands  Calculated grassland Percent NHDPlus Cover Database Dewitz,
are associated with co-evolved stream fish cover in 2021 Catchments (NLCD) 2023
communities.
Channel slope, or gradient, is a commonly .
measured fish habitat variable. A reaches gradient calf&?&ﬁzggsﬂgl‘zlglllzn . NHDPlus McKay et
Gradient Gradient can dictate how quickly the river flows, and in clevation over theg Meters/Meters Flowlines NHDPlus al. 2 Oyl )
therefore what habitat types and fauna are . "
present. length of the flowline.
Curvature is a measure of stream channel Calculated average
sinuosity and is associated with microhabitat cometric curva tfre NHDPlus McKav et
Sinuosity  Curvature  diversity. Channelization, flow alteration, and fr%m flowline points at 1/Meters Flowlines NHDPlus al 20}]1 )
bank stabilization for human use reduces least 60m f art "
sinuosity and straightens river paths. part.
Human development such as qrbamzanon can 1 ulated developed
lead to changes in water quality and channel land use cover (Open NHDPlus Dewitz
Land Use Development structure of streams. Therefore, developed land P Percent NLCD ’
space, low-high Catchments 2023

use of varying intensities could alter fish

distribution intensities) for 2021
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Table 2.1. Variables within 8 ecological categories used to model Topeka Shiner distributions in Kansas. Included are variable name, relevance to
fish, definition of measurement, units, spatial scale, database used, and source.

Ecol?glcal Metric Fish Relevance Definition Units Spatial Database Source
variable Scale
Agricultural practices, 1nc1ud1ng. land used Calculated
for crop production, can potentially alter agricultural
Land Use Cropland nearby stream systems through water cropping land Percent NHDPIus NLCD Dewitz,
extraction or sediment runoff. Stream . Catchments 2023
habitat alterations (flow, turbidity, etc.) use 2C (;); le rm
can lead to declines in fish populations.
Agricultural practices, including land used
grazing or haying, can potentially alter Calculated
nearby stream systems through nutrient agricultural NHDPlus Dewitz,
Land Use  Pastureland runoff. Stream habitat alterations pastureland use Percent Catchments NLCD 2023
(productivity, algal blooms, etc.) can lead cover in 2021
to declines in fish populations.
Human construction of dams can alter the National Cooper &
stream habitat, water quality, and system . .
. Total mainstem Anthropogenic Infante,
Dams Number of connectivity. Dams can change ﬁsh dam count Number NHDI.)IHS Barriers Dataset 2024;
Dams assemblages by providing more lentic (>7.62m) Flowlines (NABD) & Ostro ff’ ot
habitat for some fish and removing lotic ’ NHDPlus al. 2013
habitat for others. N
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Table 2.2. Conceptual progression of framework iterations examining Topeka Shiner distributions in Kansas by research objective, model
iteration (Steps 7-9), future directions (Steps 10-11), and applications (Steps 11-12). Included are summaries of research questions, motivations,
predictions, results, emerging questions, proposed future measurements, priority locations, research importance, and management implications
associated with each objective. New questions addressed by existing data have “not applicable” (N/A) listed in remaining sections. Examples of
future directions and applications provided are non-exhaustive.

Objective Model Iteration Future Direction Application
1 Question: What environmental variables are linked =~ New Questions: Priority Locations: Areas with high
to the site-specific probability of Topeka Shiner » How do data visualizations and modeled predicted occurrence and >50% clay soil
presence or absence across Kansas? trends agree or disagree regarding composition, particularly Mill Creek
Motivation: Topeka Shiner is a high-priority environmental influences on Topeka Shiner tributaries.
threatened species identified in the State Wildlife distributions? Research Importance: Ground-truth the
Action Plan. » What groups of species explain the negative  clay-soil relationship as a mechanism
Prediction: Environmental variables identified in relationship with species richness? mediating drought resistance; reconcile
the range-wide literature review would be associated  Does clay composition, riparian connectivity, scale-dependent patterns.
with Topeka Shiner distributions. or drainage area affect stream water Management Implications: Identify
Results: Increasing clay content and decreasing persistence? habitat restoration opportunities and
stream depth, species richness, and number of dams ~ + Can multiple morphological metrics potential reintroduction sites.
were significantly associated with Topeka Shiner characterize system size suitable for Topeka
presence. Shiner persistence?
Future Measurements: Clay composition of
surface soils, bed substrate, and bedrock;
water residence time; pool and thalweg depth
across stream orders.
2A Question: How do data visualizations and modeled =~ New Questions: Priority Locations: N/A

trends agree or disagree regarding environmental
influences on Topeka Shiner distributions?
Motivation: Multiple lines of quantitative evidence
increase confidence in model interpretation.
Prediction: Similarities and differences would
emerge across analytical approaches, with agreement
on well-established habitat variables and
disagreement on weaker or nonlinear relationships.

* Does baseflow index influence Topeka

Shiner distributions as a nonlinear variable?

Future Measurements: N/A

Research Importance: Evaluate
consistency among analytical approaches.
Management Implications: N/A
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Table 2.2. Conceptual progression of framework iterations examining Topeka Shiner distributions in Kansas by research objective, model
iteration (Steps 7-9), future directions (Steps 10-11), and applications (Steps 11-12). Included are summaries of research questions, motivations,
predictions, results, emerging questions, proposed future measurements, priority locations, research importance, and management implications
associated with each objective. New questions addressed by existing data have “not applicable” (N/A) listed in remaining sections. Examples of
future directions and applications provided are non-exhaustive.

Objective Model Iteration

Future Direction

Application

2A

2B

2C

Results: Most environmental variables
showed agreement between plots and models;
baseflow index was a notable exception.

Question: Does baseflow index influence
Topeka Shiner distributions as a nonlinear
variable?

Motivation: Conflicting patterns for baseflow
index were identified in Objective 2A.
Prediction: Topeka Shiner occurrence would
peak at intermediate baseflow index values.
Results: A nonlinear (quadratic) relationship
best described Topeka Shiner occurrence.
Baseflow index became a significant predictor
in multiple logistic regression models.

Question: What groups of species provide
more specific insights about the negative
relationship with high species richness?
Motivation: Better understanding of
functional interactions within fish
communities can improve management
actions.

Prediction: Trait- or interaction-based subsets
of the fish community would be more
informative than total species richness.
Results: Predator species richness most

closely mirrored total species richness and was

the most explanatory biotic metric.

New Questions:

* Do environmental variables interact in influencing
Topeka Shiner distributions?

+ Can moderate base flow maintain flow in small
prairie streams with drying risk?

Future Measurements: Base flow, water velocity,
water-table elevation, groundwater spring presence,
wetted stream area, and stream depth.

New Questions:

* Can detailed assessments of predator, competitor,
and nest-builder abundance, size structure, and
seasonal behavior identify specific biotic pressures
influencing Topeka Shiner occurrence?

Future Measurements: Relative body sizes,
abundance, life stages, and seasonal dynamics of
Topeka Shiner and co-occurring species.

Priority Locations: Areas with high
occurrence probability and baseflow index
values of approximately 20-30, including
Mill Creek and Wildcat Creek.

Research Importance: Ground-truth the
baseflow relationship as an indicator of
habitat permanence.

Management Implications: Support water-
allocation decisions affecting critical
habitat.

Priority Locations: Areas with high
predicted occurrence and variable species
richness, including Deep Creek and
Pillsbury Wildlife Crossing.

Research Importance: Clarify ecological
relationships among co-occurring species.
Management Implications: Guide timing
and locations for predator stocking; identify
suitable reintroduction sites associated with
positive species interactions.
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Table 2.2. Conceptual progression of framework iterations examining Topeka Shiner distributions in Kansas by research objective, model
iteration (Steps 7-9), future directions (Steps 10-11), and applications (Steps 11-12). Included are summaries of research questions, motivations,
predictions, results, emerging questions, proposed future measurements, priority locations, research importance, and management implications
associated with each objective. New questions addressed by existing data have “not applicable” (N/A) listed in remaining sections. Examples of

future directions and applications provided are non-exhaustive.

Objective Model Iteration

Future Direction

Application

2D

2E

2F

Question: Do multiple environmental variables interact
to influence Topeka Shiner distributions
simultaneously?

Motivation: Baseflow index exhibited a non-constant
relationship with occurrence.

Prediction: Hydrologic influences would vary
depending on physical stream habitat characteristics.
Results: Baseflow index and clay content significantly
interacted in shaping predicted Topeka Shiner
distributions.

Question: Are trends with environmental variables
stable despite the distribution of our limited data?
Motivation: Spatial clustering of Topeka Shiner
occurrences could bias statewide inference.
Prediction: Accounting for regional variability would
improve environmental relationship estimates.
Results: Baseflow index, clay content, stream depth,
and species richness remained significant predictors.
Dam effects became unstable after accounting for river-
basin random effects. Explanatory and predictive
performance improved.

Question: What do we learn from comparing results
across all models developed in Objectives 1-2E?
Motivation: Consistencies and discrepancies among
models provide an additional weight of evidence
beyond individual analyses.

New Questions:

* Are observed environmental relationships
robust despite limited data distribution?

* Can clay-rich soils compensate for low
baseflow conditions?

Future Measurements: Potential manipulative
studies incorporating soil and substrate
composition, soil moisture, temperature, wetted
stream area, stream depth, baseflow, and
precipitation.

New Questions:

* What can be learned by comparing all models
developed across Objectives 1-2E?

* Do dam metrics reflect habitat fragmentation,
regional differences, or direct barrier effects?
Future Measurements: Dam size, function,
and location; effects of 5—15 dam densities;
regional comparisons; movement distances and
seasonal migrations of Topeka Shiner.

New Questions: N/A
Future Measurements: N/A

Priority Locations: Areas with <20%
baseflow index and >50% clay soil
composition, including Walnut Creek
and southern Mill Creek tributaries.
Research Importance: Test
hydrogeological mechanisms within
stream fish ecology.

Management Implications: Develop
new habitat restoration strategies.

Priority Locations: Areas containing
5-15 dams that have not been surveyed
within the last 20 years.

Research Importance: Evaluate
mechanisms underlying potential dam-
related threats.

Management Implications: Inform
dam removal, mitigation, or
construction decisions.

Priority Locations: N/A

Research Importance: Synthesize
evidence across modeling approaches
and assess robustness of conclusions.
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Table 2.2. Conceptual progression of framework iterations examining Topeka Shiner distributions in Kansas by research objective, model
iteration (Steps 7-9), future directions (Steps 10-11), and applications (Steps 11-12). Included are summaries of research questions, motivations,
predictions, results, emerging questions, proposed future measurements, priority locations, research importance, and management implications
associated with each objective. New questions addressed by existing data have “not applicable” (N/A) listed in remaining sections. Examples of
future directions and applications provided are non-exhaustive.

Objective Model Iteration Future Direction Application
2F Prediction: Similarities and differences would emerge in Management Implications: Increase
variable importance, trend direction, and model performance confidence in prioritizing environmental
metrics. drivers for conservation planning.

Results: As model complexity increased, the relative
influence of clay decreased while the influence of stream
depth and baseflow index increased. The most influential
variables were generally consistent across models, whereas
disagreements primarily reflected modeling structure or
weaker relationships.
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Table 2.3. Objective 1 — Step 8F. Results from multiple logistic regression on standardized data using 11 ecological explanatory variables to
model the response of Topeka Shiner probability of presence in Kansas (n=335) from 670 stream site samples collected between 1947 and 2020.
Included are variable name, coefficient (), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to denote
p <0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor variables include stream depth (estimated in meters), clay (% in catchment
surface geology), baseflow index (% contribution of groundwater and other sustained water sources to stream flow), species richness (number of
fish species in a single sample), grassiand (% cover in catchment), gradient (m/m), curvature, (H) development (% cover in the catchment),
cropland (% cover in the catchment), pastureland (% cover in the catchment), and number of dams (total in the mainstem). These calculations
correspond to Step 8F of the Rode et al. 2025 framework.

95% CI

Variable 1] SE Z Lower Upper p OR VIF

(Intercept) -1.35 0.38 -3.52 -2.10 -0.60 0.00 * 0.26
Stream Depth -1.86 0.67 -2.80 -3.17 -0.56 0.01 * 0.16 1.77
Clay 2.07 0.26 7.84 1.55 2.59 0.00 * 7.91 1.30
Baseflow Index -0.24 0.20 -1.18 -0.63 0.16 0.24 0.79 1.30
Species Richness -0.69 0.14 -4.87 -0.96 -0.41 0.00 * 0.50 1.28
Grassland 0.72 0.41 1.75 -0.09 1.54 0.08 2.06 9.91
Gradient 0.03 0.16 0.17 -0.29 0.35 0.87 1.03 2.16
Curvature 0.12 0.19 0.62 -0.25 0.49 0.54 1.12 1.17
Development -1.08 0.66 -1.64 -2.37 0.21 0.10 0.34 1.38
Cropland 0.09 0.29 0.31 -0.48 0.66 0.75 1.09 6.31
Pastureland -0.24 0.22 -1.13 -0.67 0.18 0.26 0.78 2.84
Number of Dams -0.79 0.16 -4.84 -1.11 -0.47 0.00 * 0.45 1.78
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Table 2.4. Objective 2B — Step 8F. Results from multiple logistic regression on standardized data using 11 ecological explanatory variables to
model the response of Topeka Shiner probability of presence in Kansas (#=335) from 670 stream site samples collected between 1947 and 2020,
with an additional parameter added to describe a quadratic relationship with baseflow index (underlined). Included are variable name, coefficient
(B), standard error (SE), Z-statistic (Z), lower and upper 95% confidence interval, p-value (asterisk to denote p < 0.05), odds ratio (OR), and
variable inflation factor (VIF). Predictor variables include stream depth (estimated in meters), clay (% in catchment surface geology), baseflow
index (% contribution of groundwater and other sustained water sources to stream flow), species richness (number of fish species in a single
sample), grassland (% cover in catchment), gradient (m/m), curvature, development (% cover in the catchment), cropland (% cover in the
catchment), pastureland (% cover in the catchment), and number of dams (total in the mainstem). All other methodological details and variables
are the same as described in Objective 1. The results in this table correspond to Fig. 8. These calculations correspond to Step 8F of the Rode et al
2025 framework.

95% CI

Variable B SE Z Lower Upper p OR VIF

(Intercept) -0.66 0.40 -1.67 -1.44 0.12 0.10 0.52
Stream Depth -1.78 0.65 -2.75 -3.04 -0.51 0.01 * 0.17 1.75
Clay 1.44 0.29 4.99 0.87 2.00 0.00 * 4.22 1.39
Baseflow Index -0.57 0.42 -1.36 -1.41 0.26 0.17 0.56 2.11
Baseflow Index? -1.56 0.47 -3.29 -2.49 -0.63 0.00 * 0.21 2.35
Species Richness -0.67 0.15 -4.56 -0.95 -0.38 0.00 * 0.51 1.28
Grassland 0.70 0.41 1.72 -0.10 1.51 0.09 2.02 8.97
Gradient -0.11 0.17 -0.66 -0.44 0.22 0.51 0.90 2.16
Curvature 0.11 0.20 0.53 -0.28 0.50 0.59 1.11 1.22
Development -1.27 0.70 -1.82 -2.64 0.10 0.07 0.28 1.39
Cropland 0.06 0.29 0.20 -0.52 0.63 0.85 1.06 591
Pastureland -0.05 0.22 -0.22 -0.47 0.38 0.83 0.95 2.76
Number of Dams -0.90 0.18 -5.06 -1.24 -0.55 0.00 * 0.41 1.97
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Table 2.5. Objective 2C — Step 8F. Results from multiple logistic regression on standardized data using 11 ecological explanatory variables to
model the response of Topeka Shiner probability of presence in Kansas (#=335) from 670 stream site samples collected between 1947 and 2020,
with predator species richness (underlined). Included are variable name, coefficient (), standard error (SE), Z-statistic (Z), lower and upper 95%
confidence interval, p-value (asterisk to denote p < 0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor variables include stream
depth (estimated in meters), clay (% in catchment surface geology), baseflow index (% contribution of groundwater and other sustained water
sources to stream flow), predator species richness (number of fish species in a single sample which are potential predators of Topeka Shiner),
grassland (% cover in catchment), gradient (m/m), curvature, development (% cover in the catchment), cropland (% cover in the catchment),
pastureland (% cover in the catchment), and number of dams (total in the mainstem). All other methodological details and variables are the same
as described in Objective 1. The results in this table correspond to Fig. 10. These calculations correspond to Step 8F of the Rode et al. 2025
framework.

95% CI

Variable 1] SE Z Lower Upper p OR VIF

(Intercept) -0.72 0.41 -1.76 -1.53 0.08 0.08 0.48
Stream Depth -1.92 0.68 -2.82 -3.25 -0.59 0.00 * 0.15 1.78
Clay 1.41 0.29 4.83 0.84 1.98 0.00 * 4.09 1.38
Baseflow Index -0.64 0.43 -1.50 -1.47 0.20 0.13 0.53 2.13
Baseflow Index? -1.54 0.47 -3.26 -2.46 -0.62 0.00 * 0.21 2.35
Predator Species Richness -0.73 0.14 -5.08 -1.01 -0.45 0.00 * 0.48 1.29
Grassland 0.85 0.43 1.99 0.01 1.68 0.05 * 233 9.39
Gradient -0.11 0.17 -0.68 -0.44 0.21 0.50 0.89 2.17
Curvature 0.12 0.20 0.58 -0.28 0.51 0.56 1.12 1.23
Development -1.21 0.72 -1.68 -2.62 0.21 0.09 0.30 1.41
Cropland 0.15 0.30 0.48 -0.45 0.74 0.63 1.16 6.24
Pastureland -0.02 0.22 -0.10 -0.46 0.41 0.92 0.98 2.82
Number of Dams -0.98 0.18 -5.45 -1.34 -0.63 0.00 * 0.37 2.02
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Table 2.6. Objective 2D — Step SF. Results from multiple logistic regression on standardized data using 5 ecological explanatory variables to
model the response of Topeka Shiner probability of presence in Kansas (#=335) from 670 stream site samples collected between 1947 and 2020,
with an interaction term included between baseflow index and clay. Eighty one percent of the data was collected between 2000-2021. Included are
variable name, coefficient (j3), standard error (SE), Z-statistic (Z), lower and upper 95% confidence interval, p-value (asterisk to denote p < 0.05),
odds ratio (OR), and variable inflation factor (VIF). Predictor variables include stream depth (estimated in meters), clay (% in catchment surface
geology), baseflow index (% contribution of groundwater and other sustained water sources to stream flow), predator species richness (number of
fish species in a single sample which are potential predators of Topeka Shiner), and number of dams (total in the mainstem). All two and three way
interactions were tested but only the interaction shown below is significant. The reduced model excludes noncontributing variables. All other
methodological details and variables are the same as described in Objective 1. The new variable metric added is underlined. The results in this
table correspond to Fig. 11. These calculations correspond to Step 8F of the Rode et al. 2025 framework.

95% CI

Variable 1] SE Z Lower Upper p OR VIF

(Intercept) -0.44 0.38 -1.16 -1.18 0.30 0.24 0.64
Stream Depth -2.60 0.64 -4.09 -3.84 -1.35 0.00 * 0.07 1.71
Clay 1.35 0.28 491 0.81 1.89 0.00 * 3.87 1.27
Baseflow Index -0.28 0.35 -0.80 -0.97 0.41 0.42 0.75 1.29
Baseflow Index? -1.76 0.45 -3.87 -2.65 -0.87 0.00 * 0.17 1.48
Predator Species Richness -0.65 0.14 -4.74 -0.92 -0.38 0.00 * 0.52 1.56
Number of Dams -0.64 0.15 -4.37 -0.93 -0.35 0.00 * 0.53 2.35
Clay: Baseflow Index -1.09 0.56 -1.96 -2.18 0.00 0.05 * 0.34 1.37
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Table 2.7. Objective 2E — Step 8F. Results from multiple logistic regression on standardized data using 5 ecological explanatory variables to
model the response of Topeka Shiner probability of presence in Kansas (r=670), with a random effect of major river basins. Eighty one percent of
the data was collected between 2000-2021. Included are variable name, coefficient (B), standard error (SE), Z-statistic (Z), lower and upper 95%
confidence interval, p-value (asterisk to denote p < 0.05), odds ratio (OR), and variable inflation factor (VIF) for fixed effects and standard
deviation (SD) and lower and upper 95% confidence interval for random intercepts. Predictor variables include stream depth (estimated in meters),
clay (% in catchment surface geology), baseflow index (% contribution of groundwater and other sustained water sources to stream flow), predator

species richness (number of fish species in a single sample which are potential predators of Topeka Shiner), and number of dams (total in the

mainstem). All other methodological details and variables are the same as described in Objective 2D. The results in this table correspond to Fig.
13. These calculations correspond to Step 8F of the Rode et al. 2025 framework.

95% CI

Variable ] SE V4 Lower Upper p OR VIF
Fixed Effects (Intercept) -7.84 396 -198 -15.60 -0.08  0.05 0.00

Stream Depth -2.75 0.60 -457 -3.93 -1.57  0.00 0.06 1.30
Clay 0.85 033 2.6l 0.21 1.50  0.01 235 145
Predator Species Richness -0.68 0.15 -450 -0.98 -0.39  0.00 0.51 1.05
Baseflow Index -0.07 0.44 0.16 -0.80 093  0.88 1.07 1.41
Baseflow Index? -1.57 056 -2.82  -2.67 -0.48  0.00 0.21 2.09
Number of Dams 0.77 1.34 0.58 -1.85 340  0.56 2.16 1.15
Clay: Baseflow Index -1.78 074 -242  -322 -0.34  0.02 0.17 1.93

95% CI

SD Lower Upper
Random Intercept Basin 7.21 1.8 28.83
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Table 2.8. Objective 2F — Step 8F. Comparison of standardized estimate magnitudes from candidate multiple logistic regression models
predicting the probability of Topeka Shiner presence in Kansas (n= 335) from 670 stream site samples collected between 1947 and 2020. Included
are top models for Objectives 1-2E, corrected Akaike Information Criterion (AIC.), variable names, beta coefficients (p), statistical significance
(asterisk to denote p < 0.05), and relative ranks of significant variables within models (1 = highest magnitude of influence on predicted Topeka
Shiner presence). Variables shown include stream depth (estimated in meters), clay (% in catchment surface geology), baseflow index (%
contribution of groundwater and other sustained water sources to stream flow), species richness (number of fish species in a single sample),
predator species richness (number of fish species in a single sample which are potential predators to Topeka Shiner), grassland (% cover in
catchment), gradient (m/m), curvature, development (% cover in the catchment), cropland (% cover in the catchment), pastureland (% cover in
the catchment), and number of dams (total in the mainstem). Blanks (--) for terms not included in models. All B are relative to the individual model
intercept.

Best Model
AAIC, Obj 1 Obj 2B Obj 2C Obj 2D Obj 2E
50.28 27.57 22.49 41.59 0
3/Rank
Stream Depth -1.86%* 2 -1.78%* 2 -1.92% 2 -2.60%* 2 -2.75%

Clay 2.07* 1 1.44% 3 1.41% 3 1.35% 3 0.85*
Baseflow Index -0.24 -0.57 -0.64 -0.28 -0.07
Baseflow Index? -- -1.56* 1 -1.54* 1 -1.76* 1 -1.57* 1
Species Richness -0.69* 4 -0.67* 5 -- -- --

Predator Species Richness -- -- -0.73* 6 -0.65* 5 -0.68*
Grassland 0.72 0.70 0.85%* 5 -- --
Gradient 0.03 -0.11 -0.11 -- --
Curvature 0.12 0.11 0.12 -- --
Development -1.08 -1.27 -1.21 -- --
Cropland 0.09 0.06 0.15 -- --
Pastureland -0.24 -0.05 -0.02 -- --
Number of Dams -0.79* 3 -0.90* 4 -0.98* 4 -0.64* 6 0.77
Clay: Baseflow Index -- -- -- -1.09* 4 -1.78* 3
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Figures

Figure 2.1. Modified Rode et al. (2025) adaptive management framework showing the objectives addressed here. In our first objective, we apply
the original framework to the Topeka Shiner (Notropis topeka), using a statewide Kansas monitoring database. The 12 steps are described in the
text. In the second objective, we test six data-driven questions in multiple iterations of the 12-step cycle. These connected iterations include (A)
comparing data to identify agreement and disagreement in trends, (B) testing nonlinear relationships, (C) refining ecological variable metrics, (D)
testing interactions between ecological variables, (E) incorporating random effects, and (F) comparing statistical models to identify consistently
influential variables. For our third objective, we integrate each iteration of the 12-step framework to develop ecological insights and
recommendations for future data collection and conservation actions (discussion).
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Figure 2.2. Objective 1 — Step 3. Number of instances in Topeka Shiner literature review of 35 articles where the ecological categories of (A)
system size, (B) substrate, (C) flow, (D) biota, (E) land use, and (F) dams were discussed or investigated in Kansas and other states. Percent of
statistically significant (p < 0.05; +/-) and nonsignificant (NS; including qualitative or untested) trends included below with letters (*a- ah)
corresponding to citations in Appendix Table 2.
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Figure 2.3. Objective 1 — Step 84. Map of the major river basins in Kansas (numbered 1-12) with points to represent stream biodiversity sample
sites (N =12,086) collected between 1857 and 2021. Eighty-one percent of data were collected between 2000-2021. Topeka Shiner was present at

sites labeled with red points (n=341), while the fish was absent among sites in blue.
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Figure 2.4. Objective 1 — Step 8C. Kernel Density Estimate (KDE) ridge plots of eleven ecological variables (X axis) calculated from the original
data. Variables shown include (A) stream depth (estimated in meters), (B) clay (% in catchment surface geology), (C) baseflow index (%
contribution of groundwater and other sustained water sources to stream flow), (D) species richness (number of fish species in a single sample),
(E) grassland (% cover in catchment), (F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I) cropland (% cover in
the catchment), (J) pastureland (% cover in the catchment), and (K) number of dams (total in the mainstem). The Y Axis is the probability density
of a Topeka Shiner presence (n = 335; red) or absence (blue) sample occurring at a given value of ecological variables. Data were collected from
670 stream sites in Kansas from 1947 to 2020. The area under each curve is equal to 1.
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Figure 2.5. Objective 24 — Step 9. Multi-panel plot of stream depth (X axis) to evaluate consistency of
trends in the Step 8 quantitative sub-steps (8A, 8B, 8F). The Y axis on panels represent (A) histogram
frequencies (Sub-step 8B), (B) boxplots of Topeka Shiner presence (n =335; 1) and absence (0) (Sub-step
8C), (C) KDE probability of fish presence (red) and absence (blue) (Sub-step 8C), (D) distributional
habitat maps of Kansas, and predicted probability of Topeka Shiner presence from (E) single (Sub-step
8C), and (F) multiple logistic regression (Sub-step 8F). Data were collected from 670 stream sites in
Kansas from 1947 to 2020.
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Figure 2.6. Objective 24 — Step 9. Multi-panel plot of baseflow index (X axis) to evaluate consistency of
trends in the Step 8 quantitative sub-steps (8A, 8B, 8F). The Y axis on panels represent (A) histogram
frequencies (Sub-step 8B), (B) boxplots of Topeka Shiner presence (z = 335; 1) and absence (0) (Sub-step
8C), (C) KDE probability of fish presence (red) and absence (blue) (Sub-step 8C), (D) distributional
habitat maps of Kansas, and predicted probability of Topeka Shiner presence from (E) single (Sub-step
8C), and (F) multiple logistic regression (Sub-step 8F). Data were collected from 670 stream sites in
Kansas from 1947 to 2020.
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Figure 2.7. Objective 2B — Step 8D. Predicted probability of Topeka Shiner presence (Y axis) from single logistic regression models assessing
the role of (A) a single linear parameter, (B) a single squared parameter, and (C) two quadratic parameters for the baseflow index (% contribution
of groundwater and other sustained water sources to stream flow) ecological variable (X axis). All three model estimations significantly (p < 0.05)
describe Topeka Shiner presence (rn = 335); however, the quadratic parameterization was most parsimonious (AAIC. < 2) and best describes the
data pattern. Data were collected from 670 stream sites in Kansas from 1947 to 2020.
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Figure 2.8. Objective 2B — Step 8F. Marginal effects on the predicted probability of Topeka Shiner presence (Y axis) from the top multiple
logistic regression model that investigates the 11 ecological variables defined in Objective 1 plus baseflow index’. Predictor ecological variables
include: (A) stream depth (estimated in meters), (B) clay (% in catchment surface geology), (C) baseflow index (% contribution of groundwater
and other sustained water sources to stream flow), (D) species richness (number of fish species in a single sample), (E) grassland (% cover in
catchment), (F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I) cropland (% cover in the catchment), (J)
pastureland (% cover in the catchment), and (K) number of dams (total in the mainstem). Raw data distributions are depicted with black points at
the top and bottom of each panel, response trends are black lines, and confidence intervals are shown in grey. The model results in this figure
correspond to Table 3. Data were collected from 670 stream sites in Kansas from 1947 to 2020.
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Figure 2.9. Objective 2C — Step 8B-D. Multi-panel plots with histogram sample frequencies (A-D), KDE probability ridge plots (E-H) with
Topeka Shiner presence (n = 335; red) and absence (blue), boxplots of fish presence (1) and absence (0) (I-L), and predicted probability of fish
presence from single logistic regression (M-P) on the Y axis. The four biotic variables on the X axes include species richness (number of fish
species in a single sample), predator species richness (predators), competitor species richness (competitors), and facilitator species richness
(facilitators) for communities sampled at 670 stream sites in Kansas between 1947 and 2020.
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Figure 2.10. Objective 2C — Step 8F. Marginal effects on the predicted probability of Topeka Shiner presence (Y axis) from the top multiple
logistic regression model for biotic investigation. Predictor ecological variables include: (A) stream depth (estimated in meters), (B) clay (% in
catchment surface geology), (C) baseflow index (% contribution of groundwater and other sustained water sources to stream flow), (D) species
richness (number of fish species in a single sample), (E) grassliand (% cover in catchment), (F) gradient (m/m), (G) curvature, (H) development
(% cover in the catchment), (I) cropland (% cover in the catchment), (J) pastureland (% cover in the catchment), and (K) number of dams (total in
the mainstem). Raw data distributions are depicted with black points at the top and bottom of each panel, response trends are black lines, and
confidence intervals are shown in grey. The model results in this figure correspond to Table 2. Data were collected from 670 stream sites in
Kansas from 1947 to 2020.
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Figure 2.11. Objective 2D — Step 8F. Marginal effects on the predicted probability of Topeka Shiner presence (Y axis) from the interaction
baseflow index (% contribution of groundwater and other sustained water sources to stream flow) and clay (% in catchment surface geology).
Predictor variables in the model include: (A) stream depth (estimated in meters), (B) clay (% in catchment surface geology), (C) baseflow index
(% contribution of groundwater and other sustained water sources to stream flow), (D) species richness (number of fish species in a single
sample), (E) grassiand (% cover in catchment), (F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I) cropland (%
cover in the catchment), (J) pastureland (% cover in the catchment), and (K) number of dams (total in the mainstem). The model results in this
figure correspond to Table 3. X axes show (A) clay and (B) baseflow index. Legends correspond to the multiple response curves as (A) baseflow
index and (B) clay are held at specific levels. Data were collected from 670 stream sites in Kansas from 1947 to 2020.
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Figure 2.12. Objective 2E — Step 8B. (A) Map of major river basins (Basin) in Kansas (numbered 1-12). (B) Percentage (Y axis) of 670 stream
sample sites sampled between 1947 to 2020 with Topeka Shiner presence (n= 335; red) and absence (blue) among the twelve major river basins (X

axis).
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Figure 2.13. Objective 2E — Step S8F. Modeled predicted Topeka Shiner probability of presence (0 to 1; blue to red points) from mixed multiple
logistic regression estimates (Objective 2E) for 12,086 stream sites in Kansas, USA, collected between 1857 and 2021. Eighty-one percent of data
were collected between 2000-2021. Map axes correspond to latitude and longitude. The model results in this figure correspond to Table 4.
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Appendix A - Chapter 1

Tables

Appendix A Table 1. Estimates from multiple logistic regression on original data using 11 ecological explanatory variables to model
the response of Topeka Shiner (Notropis topeka) probability of presence in Kansas from 1947 to 2020 (n=670). Significant estimates
(p <0.05) are denoted with an *.

95% CI

Variable [ SE Z Lower Upper p OR VIF

(Intercept) -4.84 3.94 -1.23 -12.56 2.88 0.22 0.01
Clay 0.17 0.02 7.84 0.13 0.21 0.00 * 1.19 1.30
Stream Depth -0.75 0.27 -2.80 -1.27 -0.22 0.01 * 0.47 1.77
Number of Dams -0.10 0.02 -4.84 -0.15 -0.06 0.00 * 0.90 1.78
Species Richness -0.09 0.02 -4.87 -0.13 -0.05 0.00 * 0.91 1.28
Development -4.65 2.83 -1.64 -10.18 0.89 0.10 0.01 1.38
Gradient 6.34 38.03 0.17 -68.20 80.87 0.87 564.36 2.16
Pastureland -2.24 1.97 -1.13 -6.10 1.63 0.26 0.11 2.84
Baseflow Index -0.04 0.03 -1.18 -0.09 0.02 0.24 0.97 1.30
Grassland 2.00 1.15 1.75 -0.24 4.25 0.08 7.41 9.91
Cropland 0.38 1.22 0.31 -2.01 2.77 0.75 1.46 6.31
Curvature 0.08 0.13 0.62 -0.17 0.33 0.54 1.08 1.17
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Appendix A Table 2. Summary statistics (mean + standard deviation (SD)) for variables included in models of Topeka Shiner
(Notropis topeka) probability of presence in Kansas from 1947 to 2020 (n=670).

Variable Mean SD
Baseflow Index 25.69 6.80
Clay 32.14 12.06
Cropland 0.20 0.24
Development 0.10 0.23
Gradient 0.00 0.00
Grassland 0.49 0.36
Number of Dams 10.07 7.61
Pastureland 0.04 0.11
Curvature 27.19 1.47
Species Richness 6.06 7.55
Stream Depth 2.95 2.49
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Appendix B - Chapter 2

Tables

Appendix B Table 1. List of fish species recorded in the Kansas Stream Assessment and Monitoring
dataset used in the calculation of species richness in analyses. Included are common name, scientific
name, taxonomic family, and assigned trait guild (if applicable). Species are listed with trait guilds of
potential competitors (with invertivore diets), predators (large piscivores), and facilitators (nest building
and egg guarding) of Topeka Shiner as assigned by the FishTraits Database and expert advice. Species
that are not assigned to a guild are left blank (--).

Common name Scientific name Family Trait Guilds
Arkansas Darter Etheostoma cragini Percidae --

Arkansas River Shiner Notropis girardi Cyprinidae --

Banded Darter Etheostoma zonale Percidae --

Banded Sculpin Cottus carolinae Cottidae Competitor

Bigeye Shiner Notropis boops Cyprinidae Competitor

Bighead Carp Hypophthalmichthys nobilis Cyprinidae Competitor
Bigmouth Buffalo Ictiobus cyprinellus Catostomidae Competitor
Bigmouth Shiner Notropis dorsalis Cyprinidae Competitor

Black Buffalo Ictiobus niger Catostomidae Competitor

Black Bullhead Ameiurus melas Ictaluridae Predator, Competitor
Black Carp Mylopharyngodon piceus Cyprinidae --

Black Crappie Pomoxis nigromaculatus Centrarchidae Predator, Competitor
Black Redhorse Moxostoma duquesnei Catostomidae Competitor
Blackside Darter Percina maculata Percidae Competitor
Blackstripe Topminnow  Fundulus notatus Fundulidae Competitor

Blue Catfish Ictalurus furcatus Ictaluridae Predator, Competitor
Blue Sucker Cycleptus elongatus Catostomidae Competitor

Bluegill Lepomis macrochirus Centrarchidae Competitor
Bluntface Shiner Cyprinella camura Cyprinidae Competitor
Bluntnose Darter Etheostoma chlorosomum Percidae Competitor
Bluntnose Minnow Pimephales notatus Cyprinidae Competitor

Brassy Minnow Hybognathus hankinsoni Cyprinidae Competitor

Brindled Madtom Noturus miurus Ictaluridae Competitor

Brook Silverside Labidesthes sicculus Atherinopsidae ~ Competitor
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Appendix B Table 1. List of fish species recorded in the Kansas Stream Assessment and Monitoring
dataset used in the calculation of species richness in analyses. Included are common name, scientific
name, taxonomic family, and assigned trait guild (if applicable). Species are listed with trait guilds of
potential competitors (with invertivore diets), predators (large piscivores), and facilitators (nest building
and egg guarding) of Topeka Shiner as assigned by the FishTraits Database and expert advice. Species
that are not assigned to a guild are left blank (--).

Common name Scientific name Family Trait Guilds

Brown Trout Salmo trutta Salmonidae Competitor

Bullhead Minnow Pimephales vigilax Cyprinidae Competitor

Cardinal Shiner Luxilus cardinalis Cyprinidae Competitor

Carmine Shiner Notropis percobromus Cyprinidae Competitor

Central Stoneroller Campostoma anomalum Cyprinidae Competitor, Facilitator
Channel Catfish Ictalurus punctatus Ictaluridae Predator, Competitor
Channel Darter Percina copelandi Percidae Competitor

Channel Shiner Notropis wickliffi Cyprinidae Competitor

Common Carp Cyprinus carpio Cyprinidae Competitor

Common Shiner Luxilus cornutus Cyprinidae Predator, Competitor
Creek Chub Semotilus atromaculatus ~ Cyprinidae Predator, Competitor, Facilitator
Emerald Shiner Notropis atherinoides Cyprinidae Competitor
Egg-mimic Darter fglezgztcohn;zeis Percidae --

Fantail Darter Etheostoma flabellare Percidae Competitor

Fathead Minnow Pimephales promelas Cyprinidae Competitor

Flathead Catfish Pylodictis olivaris Ictaluridae Predator, Competitor
Flathead Chub Platygobio gracilis Cyprinidae Competitor
Freshwater Drum Aplodinotus grunniens Sciaenidae Predator, Competitor
Ghost Shiner Notropis buchanani Cyprinidae Competitor

Gizzard Shad Dorosoma cepedianum Clupeidae Competitor

Golden Redhorse Moxostoma erythrurum Catostomidae ~ Competitor

Golden Shiner Notemigonus crysoleucas  Cyprinidae Competitor

Goldeye Hiodon alosoides Hiodontidae Competitor

Goldfish Carassius auratus Cyprinidae Competitor

Grass Carp Ctenopharyngodon idella  Cyprinidae Competitor

Gravel Chub Erimystax x-punctatus Cyprinidae Competitor

Green Sunfish Lepomis cyanellus Centrarchidae  Predator, Competitor, Facilitator
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Appendix B Table 1. List of fish species recorded in the Kansas Stream Assessment and Monitoring
dataset used in the calculation of species richness in analyses. Included are common name, scientific
name, taxonomic family, and assigned trait guild (if applicable). Species are listed with trait guilds of
potential competitors (with invertivore diets), predators (large piscivores), and facilitators (nest building
and egg guarding) of Topeka Shiner as assigned by the FishTraits Database and expert advice. Species
that are not assigned to a guild are left blank (--).

Common name Scientific name Family Trait Guilds
Greenside Darter Etheostoma blennioides Percidae Competitor

Highfin Carpsucker Carpiodes velifer Catostomidae ~ Competitor
Highland Darter Etheostoma alta Percidae Competitor
Hornyhead Chub Nocomis biguttatus Cyprinidae Predator, Competitor
Inland Silverside Menidia audens Atherinopsidae  Competitor

Johnny Darter Etheostoma nigrum Percidae Competitor

Lake Sturgeon Acipenser fulvescens Acipenseridae  Competitor
Largemouth Bass Micropterus nigricans Centrarchidae  Predator, Competitor
Longear Sunfish Lepomis megalotis Centrarchidae =~ Competitor, Facilitator
Longnose Dace Rhinichthys cataractae Cyprinidae Competitor
Longnose Gar Lepisosteus osseus Lepisosteidae ~ Predator, Competitor
Mooneye Hiodon tergisus Hiodontidae Competitor

Mrigal Carp Cirrhinus mrigala Cyprinidae --

Neosho Madtom Noturus placidus Ictaluridae --

Northern Hogsucker Hypentelium nigricans Catostomidae ~ Competitor
Northern Pike Esox lucius Esocidae Competitor
Eﬁﬁgﬁ;ﬂ Plains Fundulus kansae Fundulidae --

Northern Studfish Fundulus catenatus Fundulidae Competitor
Orangespotted Sunfish  Lepomis humilis Centrarchidae  Facilitator
Orangethroat Darter Etheostoma spectabile Percidae Competitor

Ozark Logperch Percina fulvitaenia Percidae Competitor

Ozark Minnow Notropis nubilus Cyprinidae Competitor
Paddlefish Polyodon spathula Polyodontidae ~ Competitor

Pallid Sturgeon Scaphirhynchus albus Acipenseridaec ~ Competitor
Peppered Chub Macrhybopsis tetranema Cyprinidae --

Plains Killifish Fundulus zebrinus Fundulidae Competitor

Plains Minnow Hybognathus placitus Cyprinidae --

Plains Topminnow Fundulus sciadicus Fundulidae --
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Appendix B Table 1. List of fish species recorded in the Kansas Stream Assessment and Monitoring
dataset used in the calculation of species richness in analyses. Included are common name, scientific
name, taxonomic family, and assigned trait guild (if applicable). Species are listed with trait guilds of
potential competitors (with invertivore diets), predators (large piscivores), and facilitators (nest building
and egg guarding) of Topeka Shiner as assigned by the FishTraits Database and expert advice. Species
that are not assigned to a guild are left blank (--).

Common name Scientific name Family Trait Guilds
Pugnose Minnow Opsopoeodus emiliae Cyprinidae Competitor
Quillback Carpiodes cyprinus Catostomidae Competitor
Rainbow Trout Oncorhynchus mykiss Salmonidae Predator, Competitor
Red River Pupfish 22’; IZ}QZZ\G/’ZZI' lis Cyprinodontidae  --

Red River Shiner Notropis bairdi Cyprinidae Competitor
Red Shiner Cyprinella lutrensis Cyprinidae Competitor
Redear Sunfish Lepomis microlophus Centrarchidae Competitor
Redfin Shiner Lythrurus umbratilis Cyprinidae Competitor
River Carpsucker Carpiodes carpio Catostomidae Competitor
River Darter Percina shumardi Percidae Competitor
River Redhorse Moxostoma carinatum Catostomidae Competitor
River Shiner Notropis blennius Cyprinidae Competitor
Rock Bass Ambloplites rupestris Centrarchidae Competitor
Sand Shiner Notropis stramineus Cyprinidae Competitor
Sauger Sander canadensis Percidae Competitor
Shoal Chub Macrhybopsis hyostoma Cyprinidae --

Shorthead Redhorse ng}?j;sggo o Catostomidae Competitor
Shortnose Gar Lepisosteus platostomus Lepisosteidae Predator, Competitor
Shovelnose Sturgeon i;;tl; }:;rnhcy ;ucshus Acipenseridae Competitor
Sicklefin Chub Macrhybopsis meeki Cyprinidae Competitor
Silver Carp ZJO/ ]lyszﬁthalmichthy s Cyprinidae Competitor
Silver Chub Macrhybopsis storeriana ~ Cyprinidae Competitor
Silverband Shiner Notropis shumardi Cyprinidae Competitor
Skipjack Herring Alosa chrysochloris Clupeidae Competitor
Slender Madtom Noturus exilis Ictaluridae Competitor
Slenderhead Darter Percina phoxocephala Percidae Competitor
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Appendix B Table 1. List of fish species recorded in the Kansas Stream Assessment and Monitoring
dataset used in the calculation of species richness in analyses. Included are common name, scientific
name, taxonomic family, and assigned trait guild (if applicable). Species are listed with trait guilds of
potential competitors (with invertivore diets), predators (large piscivores), and facilitators (nest building
and egg guarding) of Topeka Shiner as assigned by the FishTraits Database and expert advice. Species
that are not assigned to a guild are left blank (--).

Common name Scientific name Family Trait Guilds

Slim Minnow Pimephales tenellus Cyprinidae Competitor

Slough Darter Etheostoma gracile Percidae Competitor
Smallmouth Bass Micropterus dolomieu Centrarchidae  Predator, Competitor
Smallmouth Buffalo Ictiobus bubalus Catostomidae ~ Competitor

]S)(;l:tGhern Redbelly Chrosomus erythrogaster ~ Cyprinidae Competitor

Speckled Chub Macrhybopsis aestivalis Cyprinidae --

Spotfin Shiner Cyprinella spiloptera Cyprinidae Competitor

Spotted Bass Micropterus punctulatus Centrarchidae  Predator, Competitor
Spotted Sucker Minytrema melanops Catostomidae ~ Competitor

Stonecat Noturus flavus Ictaluridae Predator, Competitor
Striped Bass Morone saxatilis Moronidae Competitor

Striped Shiner Luxilus chrysocephalus Cyprinidae Competitor

Sturgeon Chub Macrhybopsis gelida Cyprinidae Competitor
Suckermouth Minnow  Phenacobius mirabilis Cyprinidae Competitor

Sunburst Darter Etheostoma eos Percidae --

Tadpole Madtom Noturus gyrinus Ictaluridae Competitor
Threadfin Shad Dorosoma petenense Clupeidae Competitor

Walleye Sander vitreus Percidae Predator, Competitor
Warmouth Lepomis gulosus Centrarchidae ~ Predator, Competitor
\Sfaecsetern Blacknose Rhinichthys obtusus Cyprinidae --

Western Mosquitofish ~ Gambusia affinis Poeciliidae Competitor

x;srtzrvt Silvery Hybognathus argyritis Cyprinidae Competitor

White Bass Morone chrysops Moronidae Predator, Competitor
White Crappie Pomoxis annularis Centrarchidae ~ Predator, Competitor
White Perch Morone americana Moronidae Predator, Competitor
White Sucker Catostomus commersonii ~ Catostomidae ~ Competitor

Yellow Bass Morone mississippiensis Moronidae Competitor

134



Appendix B Table 1. List of fish species recorded in the Kansas Stream Assessment and Monitoring
dataset used in the calculation of species richness in analyses. Included are common name, scientific
name, taxonomic family, and assigned trait guild (if applicable). Species are listed with trait guilds of
potential competitors (with invertivore diets), predators (large piscivores), and facilitators (nest building
and egg guarding) of Topeka Shiner as assigned by the FishTraits Database and expert advice. Species
that are not assigned to a guild are left blank (--).

Common name Scientific name Family Trait Guilds
Yellow Bullhead Ameiurus natalis Ictaluridae Predator, Competitor
Yellow Perch Perca flavescens Percidae Competitor
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Appendix B Table 2. Objective 1 — Step 3. Summary of ecological variables investigated in studies of
Topeka Shiner in Kansas and other states arranged by year and author names. Included are the study
system, type of paper contribution, and ecological variables investigated if relevant. The direction of
statistically significant trends in (+/-). Variables shown include stream size, substrate, groundwater and
stream flow, biota, gradient, development agriculture, and dams. Web of Science keywords “Topeka
Shiner” (“Notropis topeka”) and “Kansas.” The alphabetical labels correspond with Fig. 2. Articles with
ecological variables beyond the scope of our study are left blank (--).

Authors Year Location System Paper Type Ecological Variables
Mayden &
4 Gilbert 1989 USA Lab Taxonomy  --
Schmidt & . .
b Gold 1995 USA Lab Empirical Biota
Adams,
¢ Hoover, & 2000 KS Lab Empirical Flow
Killgore
d Hatch & 2001 MN River Empirical Biota
Besaw
e Schranketal. 2001 KS Stream  Empirical Biota (-), Dams, Stream Size (-)
f  Winston 2002 MO Stream  Empirical Biota, Gradient, Stream Size (-)
g Baylessetal. 2003 MO Stream  Empirical Gradient, Groundwater, Stream Size
h Doddsetal. 2004 USA Stream  Synthesis --
i  Wall & Berry 2004 USA Stream Review Qradlent, Groundwater, Stream
Size, Substrate
Agriculture (+), Flow (+), Gradient
j  Walletal 2004 SD Stream  Model (-), Groundwater (+), Stream Size
(+), Substrate (+)
o Knight& —hn05 ks Lab  Empirical  Biota
Gido
[ Oakes et al. 2005 KS & NE  Stream Model --
m Roehle & h007 MO&KS Lab  Empirical
Adelman
p Andeson& o508 gp Lab  Empirical
Sarver
0 gdelman 2009 MO&MN Lab  Empirical
p Pullenetal. 2009 KS Stream  Empirical Biota
g Witte et al. 2009 MO & KS Lab Empirical Substrate (+)
r Bouska & 2010 KS Stream  Empirical Flow
Paukert

136



Appendix B Table 2. Objective 1 — Step 3. Summary of ecological variables investigated in studies of
Topeka Shiner in Kansas and other states arranged by year and author names. Included are the study
system, type of paper contribution, and ecological variables investigated if relevant. The direction of
statistically significant trends in (+/-). Variables shown include stream size, substrate, groundwater and
stream flow, biota, gradient, development agriculture, and dams. Web of Science keywords “Topeka
Shiner” (“Notropis topeka”) and “Kansas.” The alphabetical labels correspond with Fig. 2. Articles with
ecological variables beyond the scope of our study are left blank (--).

Authors Year Location System Paper Type Ecological Variables
Bakevich, Stream &
s Pierce, & 2013 1A Off Empirical Biota
Quist Channel
Biota (+), Dams,
t Gerken & 2013 KS Stream Empirical Development, Stream Size,
Paukert
Substrate
Bakevich, Stream &
u Pierce, & 2015 1A Off Review --
Quist Channel
Fischer et iy .
12 al. 2018 IA Oxbow Empirical Stream Size
Bartell et IA, NE, .
w al. 2019 MO Stream Model Agriculture
X 511 erce et 2019 1A Watersheds Qualitative — --
y St‘zllpson 2019 TA&MN  Oxbow Empirical  Biota (+), Stream Size (+)
Zambory
z et al. 2019 1A & MN Oxbow Model --
aa  Mottetal. 2021 MO Lab Empirical --
Schmolke IA, NE, . .
ab et al. 2021 MO Oxbow Model Agriculture, Biota
ac ngllpson 2021 1A Stream Empirical Biota (-/+)
ad Stss’rhaus 2022 IA&MN  Oxbow  Model Biota
ae  Qalicetal. 2023 i‘;‘(’)NE’ Oxbow Model Stream Size (+)
Pfaff,
af  Hase, & 2023 KS Pond Empirical Biota
Gido
ag aCloulter ct 2024 USA Stream Synthesis Biota
ah  Wahletal. 2024 1A & MN Stream Model Stream Size (-)
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Appendix B Table 3. Objective 1 — Step 8. Results from multiple logistic regression on original data using 11 ecological explanatory variables
to model the response of Topeka Shiner probability of presence in Kansas (n=670). Eighty-one percent of the data was collected between 2000-
2021. Included are variable name, coefficient (b), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to
denote p <0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor ecological variables include: (A) stream order (modified Strahler),
(B) clay (% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other sustained water sources to stream flow),
(D) species richness (number of fish species in a single sample), (E) grassland (% cover in catchment), (F) gradient (m/m), (G) curvature, (H)
development (% cover in the catchment), (I) cropland (% cover in the catchment), (J) pastureland (% cover in the catchment), and (K) number of
dams (total in the mainstem). These calculations correspond to Step 8F of the Rode et al. 2025 framework. AAIC. = 3.22. The new variable metric
added is underlined.

95% CI
Variable [§] SE Z Lower Upper p OR VIF
(Intercept) -6.40 3.83 -1.67 -13.92 1.11 0.09 0.00

Clay 0.18 0.02 8.55 0.14 0.22 0.00 * 1.20 1.29
Stream Order -0.44 0.13 -3.33 -0.70 -0.18 0.00 * 0.64 2.08
Number of Dams -0.10 0.02 -4.73 -0.14 -0.06 0.00 * 0.90 1.78
Species Richness -0.09 0.02 -4.89 -0.13 -0.05 0.00 * 0.91 1.26
Development -5.29 2.92 -1.81 -11.01 0.42 0.07 0.01 1.41
Grassland 1.66 1.20 1.38 -0.70 4.01 0.17 5.24 10.96
Pastureland -2.15 1.99 -1.08 -6.04 1.74 0.28 0.12 2.90
Baseflow Index -0.03 0.03 -1.02 -0.08 0.03 0.31 0.97 1.28
Curvature 0.12 0.13 0.96 -0.13 0.37 0.34 1.13 1.20
Cropland -0.08 1.29 -0.06 -2.60 2.44 0.95 0.92 6.96
Gradient -2.92 38.33 -0.08 -78.04 72.20 0.94 0.05 2.24
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Appendix B Table 4. Objective 1 — Step 8. Results from multiple logistic regression on original data using 11 ecological explanatory variables
to model the response of Topeka Shiner probability of presence in Kansas (n=670). Eighty-one percent of the data was collected between 2000-
2021. Included are variable name, coefficient (b), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to
denote p <0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor ecological variables include: (A) stream velocity (average annual
gage estimate in feet per second), (B) clay (% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other
sustained water sources to stream flow), (D) species richness (number of fish species in a single sample), (E) grassland (% cover in catchment),
(F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I) cropland (% cover in the catchment), (J) pastureland (% cover
in the catchment), and (K) number of dams (total in the mainstem). These calculations correspond to Step 8F of the Rode et al. 2025 framework.
AAIC, = 6.24. The new variable metric added is underlined.

95% CI

Variable 1] SE 4 Lower Upper p OR VIF

(Intercept) -5.70 4.04 -1.41 -13.61 2.22 0.16 0.00
Clay 0.18 0.02 8.36 0.14 0.22 0.00 * 1.20 1.29
Stream Velocity -1.66 0.65 -2.53 -2.94 -0.37 0.01 * 0.19 1.49
Number of Dams -0.11 0.02 -5.14 -0.15 -0.07 0.00 * 0.90 1.77
Species Richness -0.09 0.02 -4.85 -0.13 -0.05 0.00 * 0.91 1.27
Development -4.49 2.89 -1.55 -10.15 1.18 0.12 0.01 1.36
Grassland 2.24 1.16 1.93 -0.03 4.52 0.05 9.44 10.29
Pastureland -1.92 2.01 -0.96 -5.86 2.01 0.34 0.15 2.84
Baseflow Index -0.04 0.03 -1.32 -0.10 0.02 0.19 0.96 1.27
Curvature 0.10 0.13 0.77 -0.15 0.35 0.44 1.10 1.20
Cropland 0.62 1.24 0.50 -1.81 3.05 0.62 1.85 6.63
Gradient 39.12 35.14 1.11 -29.76 107.99 0.27 9.73E+16 1.78
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Appendix B Table 5. Objective 2B — Step 8. Results from multiple logistic regression on original data using 11 ecological explanatory variables
to model the response of Topeka Shiner probability of presence in Kansas (n=670). Eighty-one percent of the data was collected between 2000-
2021. Included are variable name, coefficient (b), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to
denote p <0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor ecological variables include: (A) stream depth (meters), (B) clay
(% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other sustained water sources to stream flow), (D)
species richness (number of fish species in a single sample), (E) grassland (% cover in catchment), (F) gradient (m/m), (G) curvature, (H)
development (% cover in the catchment), (I) cropland (% cover in the catchment), (J) pastureland (% cover in the catchment), and (K) number of
dams (total in the mainstem). These calculations correspond to Step 8F of the Rode et al. 2025 framework. The new variable metric added is
underlined.

95% CI
Variable 1] SE 7 Lower Upper p OR VIF
(Intercept) -23.08 6.50 -3.55 -35.82 -10.34 0.00 * 0.00
Clay 0.12 0.02 5.21 0.07 0.16 0.00 * 1.13 1.28
Stream Depth -0.71 0.26 -2.75 -1.22 -0.20 0.01 * 0.49 1.76
Number of Dams -0.12 0.02 -5.08 -0.16 -0.07 0.00 * 0.89 1.95
Species Richness -0.09 0.02 -4.44 -0.13 -0.05 0.00 * 0.92 1.35
Development -5.45 3.00 -1.82 -11.32 0.43 0.07 0.00 1.38
Grassland 1.95 1.13 1.72 -0.27 4.17 0.08 7.02 8.94
Pastureland -0.43 1.97 -0.22 -4.29 3.42 0.83 0.65 2.72
Baseflow Index 1.65 0.46 3.61 0.75 2.55 0.00 * 5.21 113.67
Baseflow Index? -0.03 0.01 -3.53 -0.05 -0.02 0.00 * 0.97 113.58
Curvature 0.07 0.14 0.53 -0.19 0.34 0.59 1.07 1.22
Cropland 0.24 1.23 0.20 -2.17 2.65 0.85 1.27 591
Gradient -25.71 38.75 -0.66 -101.66 50.24 0.51 0.00 2.15

140



Appendix B Table 6. Objective 2C — Step 8. Results from multiple logistic regression on original data using 11 ecological explanatory variables
to model the response of Topeka Shiner probability of presence in Kansas (n=670). Eighty-one percent of the data was collected between 2000-
2021. Included are variable name, coefficient (b), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to
denote p <0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor ecological variables include: (A) stream depth (meters), (B) clay
(% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other sustained water sources to stream flow), (D)
predator species richness (number of fish species in a single sample which are potential predators of Topeka Shiner), (E) grassland (% cover in
catchment), (F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I) cropland (% cover in the catchment), (J)
pastureland (% cover in the catchment), and (K) number of dams (total in the mainstem). These calculations correspond to Step 8F of the Rode et
al. 2025 framework. The new variable metric added is underlined.

95% CI
Variable 1] SE Z Lower Upper p OR VIF
(Intercept) -22.68 6.45 -3.52 -35.33 -10.04 0.00 * 0.00
Clay 0.12 0.02 5.05 0.07 0.16 0.00 * 1.12 1.26
Stream Depth -0.77 0.27 -2.82 -1.30 -0.23 0.00 * 0.46 1.79
Number of Dams -0.13 0.02 -5.44 -0.18 -0.08 0.00 * 0.88 2.03
Predator Species Richness -0.32 0.06 -4.90 -0.44 -0.19 0.00 * 0.73 1.39
Development -5.20 3.10 -1.68 -11.27 0.88 0.09 0.01 1.41
Grassland 2.34 1.18 1.99 0.03 4.65 0.05 * 10.37 9.38
Pastureland -0.19 2.02 -0.10 -4.16 3.77 0.92 0.82 2.78
Baseflow Index 1.62 0.45 3.59 0.73 2.50 0.00 * 5.03 110.25
Baseflow Index? -0.03 0.01 -3.52 -0.05 -0.01 0.00 * 0.97 110.51
Curvature 0.08 0.14 0.58 -0.19 0.34 0.56 1.08 1.22
Cropland 0.61 1.28 0.48 -1.89 3.12 0.63 1.84 6.24
Gradient -26.48 38.97 -0.68 -102.85 49.90 0.50 0.00 2.15
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Appendix B Table 7. Objective 2D — Step 8. Results from multiple logistic regression on original data using 5 ecological explanatory variables
to model the response of Topeka Shiner probability of presence in Kansas (n=670). Eighty-one percent of the data was collected between 2000-
2021. Included are variable name, coefficient (b), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to
denote p <0.05), odds ratio (OR), and variable inflation factor (VIF). Predictor ecological variables include: (A) stream depth (meters), (B) clay
(% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other sustained water sources to stream flow), (D)
species richness (number of fish species in a single sample), and (E) number of dams (total in the mainstem). These calculations correspond to
Step 8F of the Rode et al. 2025 framework. The new interaction between clay and baseflow index added is underlined.

95% CI1
Variable ] SE Z Lower Upper P OR VIF
(Intercept) -34.62 9.66 -3.58 -53.55 -15.69 0.00 * 0.00

Clay 0.45 0.17 2.69 0.12 0.78 0.01 * 1.57 74.93

Stream Depth -1.04 0.25 -4.09 -1.54 -0.54 0.00 * 0.35 1.29

Number of Dams -0.08 0.02 -4.37 -0.12 -0.05 0.00 * 0.92 1.48

Predator Species Richness -0.28 0.06 -4.74 -0.40 -0.16 0.00 * 0.76 1.27
Baseflow Index 2.34 0.63 3.73 1.11 3.56 0.00 * 10.36 252.72
Baseflow Index? -0.04 0.01 -3.87 -0.06 -0.02 0.00 * 0.96 149.53
Clay: Baseflow Index -0.01 0.01 -1.96 -0.03 0.00 0.05 * 0.99 96.47
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Appendix B Table 8. Objective 2E — Step 8. Results from multiple logistic regression on original data using 5 ecological explanatory variables
to model the response of Topeka Shiner probability of presence in Kansas (n=670). Eighty-one percent of the data was collected between 2000-
2021. Included are variable name, coefficient (b), standard error (SE), Z-score (Z), lower and upper 95% confidence interval, p-value (asterisk to
denote p <0.05), odds ratio (OR), and variable inflation factor (VIF) for fixed effects and standard deviation (SD) and 95% CI for random
intercepts. Predictor ecological variables include: (A) stream depth (meters), (B) clay (% in catchment surface geology), (C) baseflow index (%
contribution of groundwater and other sustained water sources to stream flow), (D) species richness (number of fish species in a single sample),
and (E) number of dams (total in the mainstem). These calculations correspond to Step 8F of the Rode et al. 2025 framework.

Fixed Effects
95% CI
Variable ] SE Z Lower Upper p OR VIF
(Intercept) -47.93 14.13 -3.39 -75.62 -20.23 0.00 * 0.00
Clay 0.63 0.23 2.78 0.19 1.07 0.01 * 1.87 99.95
Stream Depth -1.10 0.24 -4.55 -1.58 -0.63 0.00 * 0.33 1.31
Number of Dams 0.10 0.18 0.58 -0.24 0.45 0.56 1.11 1.14
Predator Species Richness -0.30 0.07 -4.49 -0.42 -0.17 0.00 * 0.74 1.05
Baseflow Index 2.45 0.78 3.14 0.92 3.98 0.00 * 11.61 203.84
Baseflow Index? -0.03 0.01 -2.94 -0.06 -0.01 0.00 * 0.97 117.25
Clay: Baseflow Index -0.02 0.01 -2.42 -0.04 0.00 0.02 * 0.98 134.11
Random Effects
SD
Basin 7.21 1.79 29.04
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Figures

Appendix B Figure 1. Objective 1 — Step 8B. Histogram sample frequencies (Y axis) of eleven ecological variables associated with 670 stream
site samples in Kansas from 1947 to 2020, including (A) stream depth (estimated in meters), (B) clay (% in catchment surface geology), (C)
baseflow index (% contribution of groundwater and other sustained water sources to stream flow), (D) species richness (number of fish species in a
single sample), (E) grassland (% cover in catchment), (F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I)
cropland (% cover in the catchment), (J) pastureland (% cover in the catchment), and (K) number of dams (total in the mainstem).
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Appendix B Figure 2. Objective I — Step 8D. Boxplots of eleven ecological variables (X axis) including (A) stream depth (estimated in meters),
(B) clay (% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other sustained water sources to stream flow),
(D) species richness (number of fish species in a single sample), (E) grassland (% cover in catchment), (F) gradient (m/m), (G) curvature, (H)
development (% cover in the catchment), (I) cropland (% cover in the catchment), (J) pastureland (% cover in the catchment), and (K) number of
dams (total in the mainstem). Data distributions are split by factor of Topeka Shiner presence (1) and absence (0) on the Y axis from collections in
Kansas between 1947 and 2020.
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Appendix B Figure 3. Objective 1 — Step 8D. Single logistic regression response trends for the impact of eleven ecological variables including
(A) stream depth (estimated in meters), (B) c/lay (% in catchment surface geology), (C) baseflow index (% contribution of groundwater and other
sustained water sources to stream flow), (D) species richness (number of fish species in a single sample), (E) grassland (% cover in catchment),
(F) gradient (m/m), (G) curvature, (H) development (% cover in the catchment), (I) cropland (% cover in the catchment), (J) pastureland (% cover
in the catchment), and (K) number of dams (total in the mainstem). The response is the predicted probability of Topeka Shiner presence (Y axis) in
Kansas from 1947 to 2020.
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Appendix B Figure 4. Objective 2E — Step 8F. Intercept adjustments (X axis) for the random effect of twelve major river basins (Y axis) in
KS to the modeled predicted probability of Topeka Shiner presence from 1947 to 2020.
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