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Abstract
Aim: The factors that set range limits for animal populations can inform management plans aimed at maintaining regional biodiversity. We examine abiotic and biotic
drivers of the distribution of finescale dace (Chrosomus neogaeus) in two Great Plains
basins to identify limiting factors for a threatened freshwater fish population at the
edge of their range.
Location: Great Plains, Nebraska, South Dakota and Wyoming, USA.
Methods: We investigated abiotic and biotic factors influencing the contemporary
distribution of finescale dace in the Belle Fourche and Niobrara River basins with
Random Forests classification models using fish surveys from multiple agencies spanning 2008–2019 and GIS-derived environmental data.
Results: In both basins, finescale dace occurrence exhibited a nonlinear response
to mean August water temperature. Abiotic covariates, including streamflow, water
temperature and channel slope, were important limiting factors in the final model fit
with Belle Fourche River basin surveys (n = 131). In contrast, a biotic covariate, native
minnow richness, was the most important predictor of finescale dace occurrence in
the Niobrara River basin model (n = 27). In the Niobrara River, native minnow richness was lower at sites with non-native northern pike (Esox lucius).
Main conclusions: Basin-specific analyses revealed context dependencies for
species–environment relationships, which can inform targeted restoration actions.
Similar relationships between water temperature and finescale dace occurrence
across both basins suggest summer thermal habitat as a regional limiting factor. The
importance of biotic interactions in the Niobrara River highlights an emergent threat
from invasive predators to a distinct assemblage of native prairie fishes.
KEYWORDS

abiotic–biotic interactions, biological invasions, Chrosomus neogaeus, climate relict, Esox lucius,
finescale dace, Great Plains, native fish, northern pike
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Many studies employ physical climate data in species distribution modelling efforts, while applications assessing where abiotic

Understanding the factors that create species’ range limits is a

or biotic factors will dominate are less common (Franklin, 2013;

central goal of biogeography and can inform fisheries and wildlife

Louthan et al., 2015). The latter approach may be particularly use-

management. Constraints on the distribution of animal populations

ful in the study of climate relicts, which constitute fauna isolated

have been conceptualized as a series of abiotic and biotic filters op-

due to environmental change in locally suitable areas, often near the

erating over multiple spatial and temporal scales (Poff, 1997; Smith

edge of longitudinal or elevational thresholds for range-wide distri-

& Powell, 1971; Tonn, 1990). Long-term environmental change (e.g.

butions (Hampe & Jump, 2011; Woolbright et al., 2014). Key threats

Pleistocene glaciation) and modern disturbances such as biolog-

to climate relict populations include limitations on available habitat

ical invasions and habitat destruction can interact to increase ex-

and loss of genetic diversity (Hampe et al., 2005; Rabinowitz, 1981).

tirpation risk, particularly for rare and threatened species (Brook

Studies of relicts are often challenged by their geographic rarity and

et al., 2008). The global proliferation of invasive species threatens

lack of previous study (McDonald, 2004; Wisz et al., 2013), yet could

native biodiversity and emphasizes the importance of identifying

yield insight into species–environment relationships which differ

where physical factors or biotic interactions exert more influence on

from those in a core distribution (Gross & Price, 2000; Tarkan, 2006).

populations (Clavero & García-Berthou, 2005; Louthan et al., 2015).

Relict fish populations in the Great Plains, USA, are members of

A key challenge to such efforts are sparse occurrence records for

an understudied biotic community in the prairie biome (Fausch &

many species of conservation concern (Elith et al., 2006). Studies

Bestgen, 1997). Finescale dace (Chrosomus neogaeus) (Cope, 1869)

that leverage new and existing survey data in modelling efforts for

is a North American freshwater fish species that occurs in the Great

these populations will be better positioned to inform their conserva-

Plains in isolated populations at the southern edge of their range

tion and management.

in Wyoming, South Dakota and Nebraska (Lee et al., 1980; Scott

F I G U R E 1 Distribution of finescale dace (Chrosomus neogaeus) across North America and within the study area at the southern edge of
their range in the (a) Belle Fourche River (npresent = 16; nabsent = 115) and (b) Niobrara River (npresent = 13; nabsent = 14) basins of Nebraska (NE),
South Dakota (SD) and Wyoming (WY), USA. Locations where finescale dace were detected (black) and were not detected (white) were
determined from field surveys by multiple state agencies and the authors from 2008 to 2019. The map projection is North America Albers
Equal Area
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& Crossman, 1973) (Figure 1). Their regional habitat associations

pathways affecting finescale dace occurrence by fitting classifica-

are linked to cool-water environments (i.e. headwater streams and

tion models with (a) abiotic-only and (b) combined abiotic and biotic

groundwater seeps), which may enable persistence under localized

variables. Given our location at the southern edge of their range,

conditions more similar to cooler, wetter palaeo-climatic conditions

we hypothesized abiotic factors (e.g. stream size and temperature,

that prevailed several thousand years ago (McPhail, 1963; Stasiak &

channel slope) to exert a strong filtering effect on finescale dace oc-

Cunningham, 2006). The low prevalence and spatially disjunct pat-

currence within both river basins (Quist et al., 2005). For biotic fac-

tern of finescale dace occurrence in the Great Plains (Hoagstrom &

tors, we expected that finescale dace occurrence would be positively

Berry, 2006) account for their designation as a species of conser-

correlated with the presence of other small-bodied native fishes, as

vation concern in this region (Schneider et al., 2011; South Dakota

higher native minnow richness could be indicative of habitat quality

Wildlife Action Plan. Wildlife Division Report 2014-03, 2014; Wyoming

or a lack of influence from non-native species. Conversely, we ex-

State Wildlife Action Plan, 2017).

pected a negative relationship between finescale dace occurrence

The fish community associations of finescale dace are not well-

and the presence of non-native, predatory fish species, which forage

understood, but studies in north temperate lakes indicate that

in nearshore, littoral environments. By incorporating ecologically

native cyprinids in the genus Chrosomus are highly sensitive to in-

relevant variables into our basin-specific analysis, we aim to better

troductions of non-native predators, including bass and sunfish in

understand the environmental context under which limiting factors

the family Centrarchidae and northern pike (Esox lucius) (Findlay

prevail for finescale dace in the Great Plains. These insights could

et al., 2000; MacRae & Jackson, 2001; Tonn & Magnuson, 1982;

inform broader actions to safeguard imperilled aquatic species and

Whittier et al., 1997). Scaling up from lakes to the landscape,

conserve regional biodiversity.

Jackson and Mandrak (2002) predicted the loss of a substantial number (>25,000) of local cyprinid populations in Ontario by 2,100 due
to climate-mediated northward range expansion of smallmouth bass
(Micropterus dolomieu). Threats to cyprinid biodiversity from invasive predators are likely exacerbated at edge populations (Hickerson

2 | M E TH O DS
2.1 | Study area

et al., 2019), highlighting the need for distributional data that can
inform analyses of limiting factors.

Our study occurred within the Belle Fourche River and Niobrara

Our objective in this study was to identify drivers of the contem-

River basins of Wyoming, South Dakota and Nebraska (Figure 1).

porary distribution of relict finescale dace in the headwaters of two

These focal basins constitute headwater systems of the Missouri

Great Plains river basins. We assessed potential abiotic and biotic

River drainage and represent the only known occurrence of finescale

TA B L E 1 Predictor variables, group (A = abiotic; B = biotic), descriptions and data sources for study sites in the Belle Fourche River and
Niobrara River basins of Wyoming, Nebraska and South Dakota, USA
Variable

Group

Description

Source

Baseflow index

A

Baseflow index, estimated proportion of groundwater
comprising streamflow (%)

Environmental Protection Agency StreamCat
Dataset (Hill et al., 2016)

Channel slope

A

Channel gradient (%), flow line length divided by the
change in elevation from upstream to downstream
end points of a reach

National Hydrography Dataset (NHD)

Habitat condition index

A

Degradation risk to catchments ranging from 1
(high risk) to 5 (low risk) by integrating multiple
disturbance metrics (e.g. road length density,
impervious surface, crop land use) for 2010

National Fish Habitat Partnership (Crawford
et al. 2016)

Streamflow

A

Estimated mean annual streamflow (m3/s) from 1971
to 2000

NHD

Littoral predator occurrence

B

Occurrence of non-native littoral predatory fish
species

Nebraska Game and Parks Commission;
South Dakota Game, Fish and Parks;
Wyoming Game and Fish Department;
surveys by the authors (2018, 2019)

Mean August water
temperature

A

Mean August water temperature from 1999 to 2019
(°C)

Modelled by the authors using data from
Chandler et al. (2016) and field observations
(2018, 2019)

Native minnow richness

B

Sum of unique observations of small-bodied native
fish species (excluding finescale dace)

Same as littoral predator occurrence

Open water and wetlands

A

Per cent cover (%) of open water and wetlands in
catchments

National Landcover Dataset (2011)
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dace in Wyoming. Our study sites within the Belle Fourche River

of contemporary fish occurrence, we acknowledge that aggregating

basin were located in the Black Hills of north-eastern Wyoming

surveys over time limit our ability to examine potentially important

and western South Dakota. Tributary streams to the Belle Fourche

shifts in species distributions during the study period.

River flow across mixed-grass prairie from forested areas in the

We used fish community data comprised of 36 species (25 native

Bear Lodge Mountains and Black Hills, which encompass the Black

and 11 non-native) across nine families (Table 2) to calculate native

Hills National Forest (Knight et al., 2014). Total watershed area of

minnow richness and classify the occurrence of littoral predatory

the study area is 3,711 km2, with elevation ranging from 943 m to

fish at study sites. Native minnow richness was calculated as the

2,024 m. Land use in the area includes livestock grazing, logging,

sum of unique occurrences of native, small-bodied fishes. We then

mining and recreation (Beck et al., 2010). The section of the Niobrara

subtracted finescale dace from these totals at sites where they oc-

2

River in our study area (watershed area = 2,400 km ) is in the High

curred. We also calculated a binary presence/absence variable for

Plains of eastern Wyoming and western Nebraska and exhibits less

multiple non-native, predatory fish species (Table 2) that are known

topographic diversity than the Belle Fourche River basin (elevation

to forage in littoral, nearshore habitats and have negative effects on

range = 1,343–1,615 m). Land use in the basin is primarily agricul-

native cyprinid communities as introduced or invasive species (He &

tural, with livestock grazing and pivot irrigation being predominant

Kitchell, 1990; Jackson & Mandrak, 2002).

uses (Bradshaw, 1996). The Niobrara River is largely intermittent
in Wyoming and becomes perennial near its confluence with Van
Tassell Creek near the Wyoming–Nebraska state line. Across both

2.3 | Environmental data

basins, groundwater is an important source of surface water for
fish-bearing streams and small lakes (Naus et al., 2001; Szilagyi

We retrieved data from multiple sources to describe environmen-

et al., 2003).

tal factors with a known filtering effect on freshwater fishes at the
basin scale (e.g. channel gradient, stream size, water temperature) or

2.2 | Fish surveys

literature-derived relationship to finescale dace (Lyons et al., 2010;
Quist et al., 2005; R. Stasiak & Cunningham, 2006) (Table 1, Table 3).
We extracted mean annual streamflow, a proxy for stream size, in

Given a paucity of fish survey data in our region of interest, we

cubic metres per second (m3/s) (1971–2000) and channel slope (%)

compiled a dataset from years 2008 to 2019 from multiple state

for flow lines from the National Hydrography Dataset (NHDPlus

agencies (Table 1). Fish collection methods included seining, single-

High Resolution, accessed December 17, 2020, at https://www.

pass electrofishing and passive gears including minnow traps, fyke

usgs.gov/core-science-systems/ngp/national-hydrography/nhdplus-

nets and trammel nets. Given the variability in methods employed

high-resolution), a digital database of surface water features in the

across multiple studies, we filtered these data to binary response

United States. We retrieved baseflow index (%) values at the catch-

metrics of finescale dace presence and pseudo-absence. To account

ment scale (i.e. the local landscape that directly contributes water to

for pseudo-replication of surveys within each sample unit reaches

a stream), a ratio representing an estimate of the amount of stream-

(National Hydrography Dataset (NHD) flow lines; range = 0.03–

flow comprised of groundwater discharge, from the Environmental

7.64 km; mean = 1.94 ± 1.54 km (mean ± SD)), we retained only the

Protection Agency StreamCat dataset (Hill et al., 2016, https://

most recent observation of finescale dace presence/absence within

www.epa.gov/national-aquatic-resource-surveys/streamcat).

each sample unit.

used catchment-scale habitat condition index (HCI) scores from

We

We conducted targeted surveys for finescale dace during the

National Fish Habitat Partnership (Crawford et al., 2016, http://

summer seasons of 2018–2019. Fish collection methods included

assessment.fishhabitat.org/), which assign degradation risk to catch-

single-pass backpack electrofishing in 150-metre stream reaches

ments ranging from 1 (high risk) to 5 (low risk) by integrating multiple

and standardized gear sets with minnow traps and mini-hoop nets

disturbance metrics (e.g. road length density, impervious surface,

in standing waters. Our aim in these surveys was to (a) update the

crop land use) into a metric of watershed disturbance. We calculated

status of finescale dace in historical localities and (b) characterize

the percentage of open water and wetlands (%) within catchments

fish community and habitats under consideration for restoration ac-

from the 2011 National Land Cover Dataset (Multi-Resolution Land

tivities by managers. Given the rarity of finescale dace in the study

Characteristics Consortium, https://www.mrlc.gov/).

area and lack of data, we sampled non-random lentic and lotic sites

Using geostatistical network models, we developed predictions

(n = 29) in historical localities to refine distributions and evaluate

of mean August stream temperature (°C) for stream networks in

limiting factors (Egly & Larson, 2018). We also randomly sampled

each basin using continuous water temperature observations span-

lotic sites (n = 33) within drainages with known finescale dace oc-

ning 2004–2019 (Chandler et al., 2016; Isaak et al., 2017; Ver Hoef

currence, translocation history or as recommended by managers

et al., 2006). To account for interannual variability in climate, we

for restoration potential. We jointly used these surveys and synthe-

fit these models with mean August values of air temperature (°C)

sized data from managers to assemble a dataset representative of

(PRISM Climate Group, accessed September 25, 2019, at http://www.

contemporary basin-wide fish occurrence in the study area. While

prism.oregonstate.edu/) and streamflow (m3/s) (Homer et al., 2015,

we used this 11-year snapshot of fish surveys as a representation

USGS water data for the Nation: U.S. Geological Survey National

|
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TA B L E 2 Common and scientific names, taxonomic family, status (N = native; E = non-native), categorization as native minnow or non-
native littoral predator, and study basin (Belle Fourche or Niobrara) of fish species sampled during fish surveys in the Belle Fourche River
and Niobrara River basins of Wyoming, Nebraska and South Dakota, USA, from 2008 to 2019
Common name

Scientific name

Family

Species
code

Status

Native
minnow

Bigmouth shiner

Notropis dorsalis

Cyprinidae

BMS

N

x

Black bullhead

Ameiurus melas

Ictaluridae

BLB

N

Non-native
littoral predator

Belle
Fourche

Niobrara
x

x

Bluegill

Lepomis macrochirus

Centrarchidae

BLG

E

Brassy minnow

Hybognathus
hankinsoni

Cyprinidae

BMN

N

x

x

Brook stickleback

Culaea inconstans

Gasterosteidae

STK

E

x

Brook trout

Salvelinus fontinalis

Salmonidae

BKT

E

x

Brown trout

Salmo trutta

Salmonidae

BNT

E

Central stoneroller

Campostoma
anomalum

Cyprinidae

STR

N

Channel catfish

Ictalurus punctatus

Ictaluridae

CCF

N

Common carp

Cyprinus carpio

Cyprinidae

CRP

E

Common shiner

Luxilus cornatus

Cyprinidae

CSH

N

x

Creek chub

Semotilus
atromaculatus

Cyprinidae

CKC

N

x

x

x

Fathead minnow

Pimephales promelas

Cyprinidae

FHM

N

x

x

x

Finescale dace

Chrosomus neogaeus

Cyprinidae

FSD

N

x

x

x

Flathead chub

Platygobio gracilis

Cyprinidae

FHC

N

x

Green sunfish

Lepomis cyanellus

Centrarchidae

GSF

E

Iowa darter

Etheostoma exile

Percidae

IDT

N

x

Lake chub

Couesius plumbeus

Cyprinidae

LKC

N

x

x

x

x
x

x
x
x
x

x
x

x

x
x

x

Largemouth bass

Micropterus salmoides

Centrarchidae

LMB

E

Longnose dace

Rhinichthys cataractae

Cyprinidae

LND

N

x

Longnose sucker

Catostomus
catostomus

Catostomidae

LNS

N

x

Mountain sucker

Catostomus
platyrhynchus

Catostomidae

MTS

N

x

Northern pearl
dace

Margariscus margarita

Cyprinidae

NPD

N

Northern pike

Esox lucius

Esocidae

NOP

E

Northern redbelly
dace × finescale
dace hybrid

Chrosomus eos x
Chrosomus neogaeus

Cyprinidae

NRD × FSD

N

x

Plains topminnow

Fundulus sciadicus

Fundulidae

PTM

N

x

Rainbow trout

Oncorhynchus mykiss

Salmonidae

RBT

E

Red shiner

Cyprinella lutrensis

Cyprinidae

RDS

N

River carpsucker

Carpiodes carpio

Catostomidae

RCS

N

Sand shiner

Notropis stramineus

Cyprinidae

SDS

N

Sauger

Sander canadensis

Percidae

SAR

N

x

Shorthead
redhorse

Moxostoma
macrolepidotum

Catostomidae

NRH

N

x

x

x

x

x

x

x

x
x

x
x

x
x

x

x
x

x

x

x

x

Smallmouth bass

Micropterus dolomieu

Centrarchidae

SMB

E

Stonecat

Noturus flavus

Ictaluridae

STC

N

x

White sucker

Catostomus
commersonii

Catostomidae

WHS

N

x

x

Yellow perch

Perca flavescens

Percidae

YEP

E

x

x

x

x
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0.75 (1.53)

Water Information System database, accessed February 20, 2020,
at https://doi.org/10.5066/F7P55KJN) that were cross-referenced

0.52 (0.47)

Streamflow
(m3/s)

BOOHER and WALTERS

to the matching year for each observation dataset (Appendix S1)
(Isaak et al., 2017). We then used a prediction dataset with mean air

project-specific climate normal (Jarnevich & Young, 2019). We joined

0.12 (0.08)

0.04 (0.09)

composite 20-year mean stream temperature metric, analogous to a
environmental data to NHD flow lines using the spatial join tool in
ArcMap version 10.5 (Esri, Redlands, California). Fish survey sites
were joined to NHD flow lines using package “rgeos” in Program R

2.4 | Statistical analyses

3 (3)

1 (1)

(Bivand et al., 2019; R Core Team, 2019).

We used Random Forests classification models to examine potential relationships among abiotic and biotic factors that influence the
occurrence of finescale dace in our study area. Random Forests are
a type of classification and regression tree (CART) model that are
generated by bootstrapping data to create a large number of decision
importance in explaining variation in the response (Breiman, 2001;
Breiman et al., 1984). This modelling approach is well-suited for ecoNote: Littoral predator occurrence (presence = 1; absence = 0; prevalence (%)) was a categorical predictor variable.

15.85 (4.10)
24/131 (18%)

12/27 (44%)
3.66 (0.98)

3.05 (1.06)
0.02 (0.02)

0.00 (<0.01)
67.70 (6.10)

71.68 (5.85)
Belle Fourche

18.59 (1.64)

trees, which converge on a prediction and rank covariates by their

Niobrara

Baseflow index
(%)

Channel
slope

Habitat condition
index

Littoral predator
occurrence (1/0)

Mean August water temperature
1999–2019 (°C)

Native minnow
richness

Open water and
wetlands

temperature and streamflow values from 1999 to 2019 to produce a

Basin

TA B L E 3 Abiotic and biotic predictors (mean ± SD for continuous variables) derived from GIS layers for fish surveys in the Belle Fourche River and Niobrara River basins of Wyoming,
Nebraska and South Dakota, USA, from 2008 to 2019

6

logical studies as it assumes no underlying distribution of the data,
is invariant to predictor variable transformations, can fit nonlinear
relationships and is relatively insensitive to autocorrelation (Cutler
et al., 2007). Finescale dace occurrence (present (1) or absent (0))
was the binary response variable, and unstandardized abiotic and
biotic variables were used as predictors (Table 1). To maintain model
parsimony, we used the model improvement ratio (MIR) method,
which minimizes the number of retained predictors and model mean-
squared error while maximizing the percentage of variation explained
(Murphy et al., 2010). We fit models separately for each river basin
to examine potential context-specific drivers of fish occurrence and
provide interpretable information for regional fisheries managers.
For each basin, we fit two groups of models. In the initial model,
(a) we used only abiotic covariates as predictors of finescale dace
occurrence. We then fit (b) a subsequent model with added biotic
variables to examine their effects on model performance (Vezza
et al., 2015). We applied the MIR procedure to each model for covariate selection. We used packages “randomForest” and “rfUtilities” in Program R for model fitting, selection and performance
assessment (Evans & Cushman, 2009; R Core Team, 2019; Wiener
& Andy, 2002). For datasets with excessive zeros (≥30% of the response variable), we used zero-inflated models, which combine
independent ensembles of models fit with random subsets of the
majority class (Evans & Cushman, 2009).
To assess model performance, we calculated the percentage of
correctly classified instances (CCI) with confusion matrices (Buckland
& Elston, 1993), evaluated predictive performance with area under
each curve (AUC) measures from receiver operator characteristic
plots (Manel et al., 2001) and evaluated cross-classification error using
Cohen's Kappa statistic (K) (Cohen, 1968). We also assessed error

|
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TA B L E 4 Random Forest classification models for finescale dace occurrence fit with fish surveys from the Belle Fourche River (n = 131)
and Niobrara River (n = 27) basins of Wyoming, Nebraska and South Dakota, USA, from 2008 to 2019 and abiotic and biotic covariates
(Table 1)
OOB
error

CCI

AUC

Kappa

Baseflow index, channel slope, habitat condition
index, open water and wetlands, streamflow, water
temperature

0.20

0.79

0.75

0.52

Abiotic + biotic

Baseflow index, channel slope, native minnow
richness, open water and wetlands, streamflow,
water temperature

0.24

0.77

0.73

0.48

Niobrara

Abiotic-only

Open water and wetlands, water temperature

0.30

0.70

0.71

0.41

Niobrara

Abiotic + biotic

Littoral predators, native minnow richness, open
water and wetlands, water temperature

0.07

0.93

0.93

0.85

Basin

Group

Model

Belle Fourche

Abiotic-only

Belle Fourche

Note: Groups represent models with abiotic-only or combined abiotic–biotic covariate sets. The model improvement ratio (MIR) technique was
applied for covariate selection in all cases. Model classification accuracy was assessed with error estimates for out-of-bag data (OOB error), correctly
classified instances (CCI), area under each curve (AUC) and cross-classification error using Cohen's Kappa (K).

estimates for out-of-bag (OOB) data (observations withheld from the

finescale dace occurrence across basins. No significant intercor-

training dataset), which function as cross-validated accuracy estimates

relation was found among predictor variables in the Belle Fourche

(Vezza et al., 2015). Model significance (p; α = .05) was computed with

River basin, while streamflow (GVIF = 6.73) and baseflow index

a randomization test with 999 permutations (Murphy et al., 2010).

(GVIF = 5.27) were removed from further consideration in Niobrara

Intercorrelation among predictor variables was calculated using gen-

River basin models (Appendix S2).

eralized variance inflation factor (GVIF), and highly correlated variables

In Belle Fourche River basin models, the addition of biotic vari-

(GVIF > 3) were not included in the same model (Dormann et al., 2013).

ables (native minnow richness and littoral predator occurrence) to

We used partial dependence plots of the marginal effect of covariates

the initial abiotic-only model resulted in a slight decrease in perfor-

on the predicted probability of finescale dace occurrence to visualize

mance (ΔOOB error rate = +0.03; ΔCCI = −0.02. ΔAUC = −0.01;

species–environment relationships (Cutler et al., 2007).

ΔK = −0.04) (Table 4). Classification accuracy measures indicated moderate predictive performance (OOB error rate = 0.24;

3 | R E S U LT S
3.1 | Contemporary distribution of finescale dace

CCI = 0.77; AUC = 0.73; K = 0.48). The final model was a good
fit to the data based on the randomization test (p = .001). Abiotic
variables were more important than biotic variables in the final
model for the Belle Fourche. Variables in the final model, listed in
descending order of importance, included mean annual streamflow

Finescale dace were observed at 16 of 131 (12%) surveyed stream

(1.00), mean August water temperature (0.74), channel slope (0.70),

reaches in the Belle Fourche River basin and 13 of 27 (48%) sites in

baseflow index (0.45), per cent open water and wetlands (0.20) and

the Niobrara River basin from 2008 to 2019 (Figure 1). In surveys

native minnow richness (0.17). Streamflow exhibited a negative re-

conducted from 2018 to 2019, we detected finescale dace at sites

lationship to finescale dace occurrence, while all other covariates

throughout the Wyoming portion of the Niobrara River (n = 7), but

exhibited nonlinear relationships with both positive and negative

not within the mainstem Niobrara River in Nebraska (n = 3). We did,

trends in relation to the response variable (Figure 2).

however, detect finescale dace in the Lakotah Canal, an off-channel

In Niobrara River basin models, inclusion of biotic vari-

irrigation ditch sourced from the Niobrara River in Nebraska. During

ables improved model performance (ΔOOB error rate = −0.22;

this same period, we documented finescale dace occurrence in

ΔCCI = +0.22; ΔAUC = +0.22; ΔK = +0.51) (Table 4). Classification

the Belle Fourche River basin in nine distinct drainages, including

accuracy measures indicated good predictive performance (OOB

Blacktail Creek, Cox Lake, Cub Creek, Medicine Flat Creek, Middle

error rate = 0.07; CCI = 0.92; AUC = 0.92; K = 0.85). Variables in

Fork Hay Creek, Middle Redwater Creek, Mud Lake, Spotted tail

the final model, listed in descending order of importance, included

Reservoir and Sundance Creek.

native minnow richness (1.00), mean August water temperature
(0.19), open water and wetlands (0.11) and littoral predator occur-

3.2 | Random Forests classification models

rence (0.08). The final model was a good fit to the data based on the
randomization test (p < .001). Relationships between finescale dace
occurrence and covariates were positive for native minnow richness,

Covariates supported in basin-specific classification models ex-

nonlinear for mean August water temperature and open water and

hibited both similarities and differences in their relationships to

wetlands, and negative for littoral predator occurrence (Figure 3).
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F I G U R E 2 Partial dependence plots from Random Forests models depicting finescale dace occurrence as a response to covariates
from the best supported model fit with Belle Fourche River basin surveys. Abiotic factors were the most important variables in the model,
as finescale dace occurrence was negatively associated with streamflow (m3/s) and exhibited a nonlinear relationship to other covariates.
Variable importance (range = 1.00–0.17) is listed for each covariate in descending order

F I G U R E 3 Partial dependence plots from Random Forests models depicting finescale dace occurrence as a response to covariates
from the best supported model from the Niobrara River basin. Finescale dace were positively associated with a biotic covariate, native fish
minnow richness, exhibited nonlinear relationships to mean August water temperature (°C) and open water and wetlands (%), and were not
predicted to occur at sites with littoral predators. Variable importance (range = 1.00–0.08) is listed for each covariate in descending order

4 | D I S CU S S I O N

occurrence models. Abiotic factors were the most important predictors of finescale dace occurrence in the Belle Fourche River

Differential drivers of occurrence between the two basins highlight

basin, where the Black Hills and Bear Lodge Mountains provide

the importance of context dependency, including environmen-

topographic diversity creating distinct environmental gradients.

tal heterogeneity and recent biological invasions, when evaluating

By contrast, low-gradient stream channels and seasonal wetlands

the relative importance of abiotic and biotic covariates in species

characterize the more homogenous high prairie environment of the

|
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Niobrara River basin. In addition, the Niobrara River is experienc-

sunfish, largemouth bass (Micropterus salmoides), smallmouth bass

ing the arrival of a novel non-native predator, northern pike. In this

(Micropterus dolomieu) and yellow perch (Perca flavescens), occur in

environmental context, biotic factors were important drivers of oc-

the Belle Fourche River basin, their potential interactions with fines-

currence. This result adds to a body of work highlighting the utility of

cale dace could be mediated by habitat partitioning related to stream

biotic interactions in models used for fisheries and wildlife conser-

morphology, fragmentation and water temperature (Matthews &

vation planning (Chamberlain et al., 2014; MacDougall et al., 2018).

Hill, 1980). We observed predation of finescale dace by smallmouth

Consistency in the relationship between August water temperature

bass during one survey in Middle Fork Hay Creek (n = 1). This en-

and finescale dace occurrence across both basins suggests summer

counter provides highly limited yet direct evidence of a negative bi-

thermal habitat as a potential limiting factor at the regional level.

otic interaction in the Belle Fourche River basin and suggests the
need for further research into the effects of non-native species on

4.1 | Drivers of finescale dace occurrence

native fish distributions in the Belle Fourche River basin.
The relative importance of biotic drivers in the Niobrara River
provides an insightful contrast to modelled fish–habitat relation-

Abiotic drivers of finescale dace occurrence in the Belle Fourche

ships in the Belle Fourche River basin. Native minnow richness was

River basin suggest that geomorphic and climatic filters limit their

by far the most important variable in the Niobrara River, while a neg-

habitat breadth. The negative relationship between finescale dace

ative association between finescale dace and littoral predatory fish,

occurrence and mean annual streamflow (Figure 2) suggests an orien-

driven by northern pike, was also a retained covariate in the model

tation towards headwaters for this population. The effect of stream

(Appendix S3). Abiotic variables retained included water tempera-

size as a distributional constraint on small-bodied freshwater fishes

ture and percentage of open water and wetlands within catchments.

has been documented in Wyoming (Quist et al., 2004) and other lo-

A nonlinear, yet positive, relationship to the percentage of open

cations in North America (Taylor et al., 2006; Zorn et al., 2002). The

water and wetlands suggests an environmental optimum between

nonlinear relationship between finescale dace occurrence and base-

10% and 15% and an association with a habitat type reflecting the

flow index in the partial dependence plot indicates a lower probabil-

low-gradient geomorphic setting of this basin (Figure 3).

ity of occurrence at sites with the highest estimated groundwater

The nonlinear relationship between mean August water tem-

influence. This unexpected result could reflect the coarse resolution

perature and finescale dace occurrence across both basins suggests

of the source data (1-km raster grid), which is unlikely to capture

that summer thermal habitat is a limiting factor for these popula-

locally important features such as springs and seeps. The negative

tions. The nonlinear relationship between finescale dace occurrence

relationship to channel slope and positive relationship to per cent

and mean August water temperature suggests similar thermal optima

open water and wetlands align with literature-derived expectations

(15–20°C) for finescale dace in the Belle Fourche River and Niobrara

that finescale dace inhabit low-gradient streams, bogs and lakes

River basins. The Niobrara River basin contains waterbodies with

(Rahel, 1984; Stasiak, 1972). These patterns are likely indicative of

cool (19–22°C) thermal regimes, while the Belle Fourche basin also

hierarchal relationships between landscape position and important

contains cold waters (<19°C) (Wehrly et al., 2003). Water tempera-

local habitat characteristics for finescale dace, such as vegetation

ture is known to limit the dispersal ability and geographic range

cover (Stasiak, 1978).

of ectothermic species (Recoder et al., 2018; Turlure et al., 2010).

The nonlinear response of finescale dace occurrence to a biotic

Future warming trends may further restrict finescale dace distribu-

covariate, native minnow richness, in the Belle Fourche model, may

tion at lower latitudes. However, groundwater-influenced headwater

reflect less diverse fish assemblages, and historic management of fi-

streams which currently support finescale dace will likely experience

nescale dace, in this part of the study area. Managed translocations,

slower warming rates, potentially allowing them to serve as climate

beginning in the late 1970s, established conservation populations in

refugia (Isaak et al., 2016).

several headwater drainages in the Belle Fourche River basin. We
documented present-day persistence at a subset of these localities.
Native fish species richness at finescale dace-occupied sites in these

4.2 | Fish community patterns in the Niobrara River

drainages is comparatively lower than sites in the Niobrara River
basin (xBelle Fourche = 2, xNiobrara = 6). Consequently, these data may

In the Niobrara River, finescale dace co-o ccurred with each spe-

not exhibit sufficient variation to explain finescale dace occurrence,

cies from the native minnow group in at least one survey, dem-

or outperform abiotic covariates, in Random Forest models. In two

onstrating their ubiquity within the global fish fauna in the

locations in the Belle Fourche River basin, upper Middle Redwater

headwaters of the Niobrara River and their potential utility as an

Creek and Cub Creek, finescale dace was the only detected fish

indicator species of ecological perturbation. Our inability to de-

species. Segments of these drainages may have been naturally fish-

tect finescale dace at mainstem Niobrara River sites in Nebraska

less prior to the establishment of translocated populations. This

may reflect temporal shifts in fish assemblages, suggesting po-

history cannot be resolved without a better understanding of past

tential threats to fish diversity in this system. Native cyprinid

fish occurrence and management actions in the study area. While

species, including brassy minnow (Hybognathus hankinsoni), cen-

littoral predators, including bluegill (Lepomis macrochirus), green

tral stoneroller (Campostoma anomalum), creek chub (Semotilus
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F I G U R E 4 (a) Spatial patterns of native minnow richness at sites with and without the occurrence of invasive northern pike (Esox luscius)
in the Niobrara River basin from 2008 to 2019. The most recent survey was retained among replicates within National Hydrography Dataset
flow lines. (b) Counts of native minnow species (see Table 2 for species list) were lower at sites where northern pike were detected (Mann–
Whitney U test, W = 126, p = .054; Fligner–Killeen test, χ2 = 0.46, p = .499)

atromaculatus) and fathead minnow (Pimephales promelas), were

4.3 | Conservation and management implications

detected in surveys within Agate Fossil Beds National Monument
in 1979 and 1989, but not in subsequent sampling events in 2008

We expected abiotic factors to be dominant drivers of finescale

and 2011 (Spurgeon et al., 2014). Spurgeon et al. (2014) observed

dace occurrence in our study system, as relict populations tend to

relatively intact native fish assemblages, including finescale dace,

occupy areas in close proximity to abiotically stressful conditions

on two properties located upstream of Agate Fossil Beds National

(Woolbright et al., 2014). This was supported by (a) a shared re-

Monument in 2011, but in 2018 we did not detect finescale dace,

sponse to August water temperature in both basins, indicating that

or any native small-b odied fish, at sites in close proximity to those

summer thermal habitat is a regional limiting factor for finescale

sites.

dace in the Great Plains, and (b) the importance of abiotic drivers in

Non-native predatory game species such as northern pike were

the Belle Fourche River basin (Figure 2, Figure 3). The importance of

historically stocked in the lower segment of the Niobrara basin at

biotic interactions in the Niobrara River highlights a scenario where

Box Butte Reservoir, Nebraska, between 1949 and 1989 (Spurgeon

biotic interactions may further constrain populations with naturally

et al., 2014), and colonization of areas farther upstream has been

low prevalence. Collectively, these results suggest that potential

documented in recent monitoring efforts (B. Compton & N. Hogberg,

mitigation efforts for finescale dace will benefit greatly from basin-

Wyoming Game and Fish Department, personal communication,

specific management plans.

2017). Negative effects of northern pike on finescale dace could be

Our surveys revealed greater finescale dace occurrence in

attributed to mechanisms such as displacement of habitat use, com-

the Belle Fourche River basin than had been documented in pre-

petition or predation. Stasiak et al. (2011) suggested that northern

vious sampling efforts (B. Bradshaw, Wyoming Game and Fish

pike predation on native fishes was potentially causing the absence

Department, personal communication, 2015). Notably, we docu-

of small-bodied native fishes during 2011 surveys in the Niobrara

mented persistence in six distinct drainages with a history of man-

River within Agate Fossil Beds National Monument, Nebraska. Diet

aged translocation in Wyoming and South Dakota, providing further

samples from northern pike taken near the Wyoming–Nebraska state

documentation of the potential viability of this restoration strategy

line in 2015 contained finescale dace and other native minnows,

for increasing the redundancy of finescale dace populations within

providing additional evidence that predation could be an import-

the Belle Fourche River basin (Amiotte et al., 2015). Studies that

ant mechanism driving biotic interactions in the Niobrara River (N.

assessed the quality of candidate translocation sites (Hickerson

Hogberg, Wyoming Game and Fish Department, personal communi-

& Walters, 2019) and success of past translocation efforts (Harig

cation, 2017). Collectively, spatial patterns in minnow diversity and a

et al., 2000; Novinger & Rahel, 2003) for freshwater fishes could

negative trend of association between northern pike occurrence and

guide future management actions for finescale dace.

native minnow richness (Mann–Whitney U test, W = 126, p = .054;

Belle Fourche River basin models indicate that low-gradient, cool-

Fligner–Killeen test, χ = 0.46, p = .499; Figure 4) suggest potential

water environments are important for finescale dace. These character-

displacement of native species by an invasive predatory species.

istics could be strongly influenced by current and future management

These data are indicative of novel biotic interactions that could alter

of North American beaver (Castor canadensis) in the study area.

or eliminate entire assemblages of native freshwater fishes.

Habitat modelling by Beck et al. (2010) identified areas in the Black
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Hills National Forest with perennial water and low stream gradients

Conservancy and the Prairie Plains Resource Institute for provid-

as two factors affecting site suitability for beaver. Areas with suitable

ing site access. We thank seasonal technicians Andrew Kaneb and

geomorphology, vegetation and hydrology could be targeted for active

Taren Giberti and fisheries management biologists in Wyoming,

beaver reintroduction (Macdonald et al., 2000) or restoration using

Nebraska and South Dakota who provided data, assistance in

beaver dam analogs—structures which simulate beaver dams and pro-

the field or advice in project planning. Historic survey data were

mote recovery of degraded streams (Pollock et al., 2014). Ecosystem

provided by the Wyoming Game and Fish Department, South

benefits stemming from beaver-influenced landscapes, including in-

Dakota Natural Heritage Database and Department of Game,

creased habitat complexity, streamflow duration and invertebrate

Fish and Parks, and Nebraska Game and Parks Commission Rivers

production (Kemp et al., 2012), could benefit finescale dace and the

and Streams Program. This project was funded by the Wyoming

greater biotic community of the Belle Fourche River basin.

Game and Fish Department through U.S. Fish and Wildlife Service

Leveraging biological data, such as the distribution and abundance

State Wildlife Grant #1003586. Field data from 2018 to 2019

of competing and predatory species, can yield insight into emergent

were collected under Chapter 33 Permit 1177 from the Wyoming

threats to native taxa. We highlight the importance of such an approach

Game and Fish Department, Scientific Collector's Permit 41 and

with fish survey data from the Niobrara River basin, where biotic in-

an Endangered Species Permit from the State of South Dakota,

teractions substantially improved performance of classification models

Department of Game Fish and Parks, and Scientific and Educational

(Table 4). An apparent reduction in native minnow richness at sites with

Permit 1094 from the Nebraska Game and Parks Commission.

non-native littoral predators adds to previous studies examining incur-

The study was performed under the auspices of University of

sions of invasive species into hotspots of native species diversity (Light

Wyoming Institutional Animal Care and Use Committee Protocol

& Marchetti, 2007; Stohlgren et al., 1999). Invasions of northern pike

#20180625AW00316-01. Any use of trade, firm or product names

are particularly alarming, as they exhibit trophic adaptability in prey se-

is for descriptive purposes only and does not imply endorsement

lection between fish and invertebrates, indicating their potential to alter

by the U.S. Government.

or eliminate native fish communities as novel apex predators (Beaudoin
et al., 1999; Chapman & Mackay, 1984; Sepulveda et al., 2013). Their

C O N FL I C T O F I N T E R E S T

profound impact on aquatic systems alludes to dim ecological futures

There is no conflict of interest declared in this article.

for native small-bodied fishes of the Great Plains in the absence of
effective predator control or containment. The Niobrara River's frag-
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