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Abstract: The ability to accurately quantify biodiversity is fundamental to understanding ecological
trends, identifying drivers of declines, and selecting effective conservation options. Scientists and
resource managers have grappled with what metrics best show relevant biodiversity patterns and are
still practical enough to aid on-the-ground resource conservation. Our purpose is to construct empiri-
cally derived, functional habitat guilds for prairie stream fish, then recommend future directions for
constructing and using diversity metrics that aid field-based conservation. Working in the Upper
Neosho River, KS, USA, we used univariate methods, cluster analysis, non-metric multi-dimensional
scaling, and an analysis of similarity to functionally group stream fish taxa. The 11 most abundant
fish species grouped into seven ecological guilds: riffle specialist, pool specialist, riffle generalist,
pool generalist, riffle–run generalist, pool–run generalist, and generalist. Combining the habitat type
and strength of association added ecological accuracy to our species groups. Employing multiple
statistical methods increased confidence and generality in our grouping results. Moving forward will
require a coordinated, coalition-driven, conservation-related strategy on which researchers and prac-
titioners collaborate to synthesize diverse empirical results, organize general principles of structure
and function, and balance accuracy with practicality.

Keywords: stream fish; functional habitat guilds; habitat; biodiversity; functional diversity

1. Introduction

Functional ecology can provide an ecologically meaningful approach to assessing
organismal diversity and biological change at the larger spatial and temporal scales needed
for conservation and management. Two key goals for resource managers are to take
appropriate science-based actions to minimize environmental degradation, and to conserve
natural communities in the face of adverse anthropogenic effects (e.g., stream fragmentation,
land-use change, and climate change). These tasks are daunting given the increasing
number of human-related disturbances, natural variation, and inherent complexity of
natural systems across broad geographic scales (state, regional, and national). Functional
ecology has the potential to provide a better understanding of population, community, and
ecosystem patterns and processes than studies using taxonomic relationships alone [1]. For
this reason, the functional ecology approach is increasing across ecological disciplines [2–4].
Our purpose here is to construct empirically derived, functional habitat guilds, then make
recommendations for future directions that link organismal groupings, biodiversity metrics,
and field-based conservation actions.
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Scientists and resource managers have grappled with what unit of organismal orga-
nization shows relevant natural biodiversity patterns and is still practical enough to aid
in on-the ground conservation. At one extreme, individual species have unique features
that can be important for conservation (e.g., the Endangered Species Act [5]). However,
looking only at a few individual species can miss larger trends, and looking at all individual
species in detail can be overwhelming. At the other extreme, community ecology metrics
(e.g., richness, evenness, and diversity) are simple ways to quantify the community but
can omit important ecological information about groups of organisms [6]. Alternatively,
grouping species systematically can make working with large, multi-species datasets easier
and has the potential to identify general relationships that can facilitate across-system com-
parisons [7]. It is important to note that each of these approaches are context-dependent
on the research questions being addressed and can provide useful information. Species
grouping approaches, concepts, and terminology vary. As two examples, the “guild
concept” groups species with overlapping niches without regard to taxonomic classifica-
tion [8–11], whereas the “functional group” concept examines organisms in a way that
addresses process-oriented ecological questions [7,12,13]. We do not dwell on differences
among grouping definitions, but instead focus on how to develop ecologically meaningful
groupings for stream fish that can be practical for conservation.

Here we focus on functional habitat guilds because habitat is an important component
of fish ecology and life history that is often measured in research and conservation. As ex-
amples, the interaction among the stream channel geomorphology, hydrological flows, and
connectivity shape distinct stream and river habitat units (e.g., pool, riffle, and run [14–16]).
Habitat can also be quantified as a mosaic of patches which are delineated by variations of
flow velocity, substrate, and depth [17,18]. Previous studies have found strong associations
among groups of fish and stream habitat types [19–21].

We had two specific objectives. First, we developed mesohabitat groupings for 11 com-
mon stream fish species using strength and type of association. Second, we compared these
functional guild associations across multiple analytical approaches (univariate, cluster anal-
ysis, NMDS, and SIMPER). For both objectives, we discuss the generality of our groupings
with the existing literature. The unique findings of our empirical functional habitat guild
analysis are that (1) using both mesohabitat type and strength of association adds utility
and (2) using multiple statistical methods adds generality.

2. Materials and Methods
2.1. Study Area and Sampling Sites

The study was conducted within the Upper Neosho River watershed along the
Neosho and Cottonwood Rivers in Morris, Lyon, and Chase County, KS, USA (Figure 1).
The drainage area upstream of the John Redmond Reservoir is approximately 7700 km2

(Figure 1). The Neosho and Cottonwood Rivers are 5th order streams that lie upon Permian
age limestone and shale bedrock [22]. The surrounding land use is predominately row crop
agriculture of corn, wheat, and soybean [23]. The study area contains approximately 55 na-
tive fish species [24] that are well suited to longitudinally-connected, predictably-variable
flow and temperature regimes [25].

To measure fish biodiversity and habitat, we selected ten sites (Figure 1). At each site,
we sampled along 3 km, spatially-continuous, longitudinal mosaics of stream habitats. This
design was intermediate between local-site and watershed-regional scales. Great Plains
streams have a highly variable hydrologic regime with regular periods of flooding and
droughts [25]. The mean annual discharges of the watersheds were 8.72 m3/s (SE ± 0.94,
USGS gage 07179730, 1963–2013) along the Neosho River and 24.55 m3/s (SE ± 2.19, USGS
gage 07182250, 1963–2013) along the Cottonwood River.
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Figure 1. Map of the study area including (A) the Neosho River within the state of Kansas, and (B) 
ten 3 km sampling sites (1–10) within the Upper Neosho River watershed along the Neosho and 
Cottonwood Rivers, KS. The study areas were in Morris, Lyon, and Chase County, KS, USA. 

2.2. Fish Sampling 
Sampling occurred from April to November 2013. Two observers were used to visually 

identify stream mesohabitats (pool, riffle, and run) using an objective series of stream flow, 
channel morphology, and substrate parameters [26,27]. A Garmin GPSmap76Cx (Garmin In-
ternational, Olathe, KS, USA) was used to delineate each mesohabitat using trackplots at 5 s 
intervals. These mesohabitats have been shown to be discrete habitat patches based upon 
stream width, depth, and flow velocity [28]. Fish were collected using a two-person mini-
Missouri trawl pulled through individual mesohabitats from upstream to downstream. Us-
ing identical sampling protocols in all mesohabitats reduced the bias that could occur from 
fish movement within and across mesohabitats. We chose to use the mini-Missouri trawl over 
other gears because the mini-Missouri trawl allowed us to sample in deeper habitats not ac-
cessible using backpack electrofishing or seining methods. Prior to the study, we conducted a 
gear experiment which determined the mini-Missouri trawl performed as well or better than 
other common gear types (backpack electrofishing, seine, hoop nets) for collecting fish in our 
study area [29]. Collected fish were placed in an aerated live well, identified to the species 
level, enumerated, and then released. 

  

Figure 1. Map of the study area including (A) the Neosho River within the state of Kansas, and
(B) ten 3 km sampling sites (1–10) within the Upper Neosho River watershed along the Neosho and
Cottonwood Rivers, KS. The study areas were in Morris, Lyon, and Chase County, KS, USA.

2.2. Fish Sampling

Sampling occurred from April to November 2013. Two observers were used to visually
identify stream mesohabitats (pool, riffle, and run) using an objective series of stream
flow, channel morphology, and substrate parameters [26,27]. A Garmin GPSmap76Cx
(Garmin International, Olathe, KS, USA) was used to delineate each mesohabitat using
trackplots at 5 s intervals. These mesohabitats have been shown to be discrete habitat
patches based upon stream width, depth, and flow velocity [28]. Fish were collected using
a two-person mini-Missouri trawl pulled through individual mesohabitats from upstream
to downstream. Using identical sampling protocols in all mesohabitats reduced the bias
that could occur from fish movement within and across mesohabitats. We chose to use
the mini-Missouri trawl over other gears because the mini-Missouri trawl allowed us to
sample in deeper habitats not accessible using backpack electrofishing or seining methods.
Prior to the study, we conducted a gear experiment which determined the mini-Missouri
trawl performed as well or better than other common gear types (backpack electrofishing,
seine, hoop nets) for collecting fish in our study area [29]. Collected fish were placed in an
aerated live well, identified to the species level, enumerated, and then released.
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2.3. Fish Guild Classification

For our first objective, we used the following steps to identify empirical fish-habitat
guilds. For step 1, bar plots of the mesohabitat-specific relative proportion and abundance
(±1 SE) were constructed for the 11 most common fish species (captured at >85% of
sampling sites; Table 1). For these bar plots, mesohabitat-specific relative proportion was
calculated by dividing the number of individuals of a species collected within a particular
mesohabitat type by all individuals collected for that species across all mesohabitats.
Abundance was calculated as the total number of individuals sampled within a habitat
patch. For step 2, differences in species abundance across mesohabitats were assessed using
Kruskal–Wallis tests (α = 0.05) followed by post hoc multiple comparisons (kruskalmc
function, pgirmess package [30]). As a third step, using the relative abundance patterns
in each mesohabitat, the following four criteria (A–D) were used to assign individual fish
taxa to functional habitat guilds. For criterion A, if the proportion of total abundance was
>0.75 in a single mesohabitat, the species was classified as a single mesohabitat specialist
(e.g., riffle specialist or pool specialist). For criterion B, if the proportion of total abundance
of a species was 0.75 < x < 0.50 in one mesohabitat, but the proportion did not collectively
exceed 0.90 with the addition of a second mesohabitat, the fish species was classified as
a single mesohabitat generalist (e.g., riffle generalist or pool generalist). For criterion C,
the proportion of the total abundance of a species was >0.33 in any two mesohabitats that
together exceeded 0.90, the fish species was classified as a dual mesohabitat generalist (i.e.,
riffle–run generalist). For criterion D, if none of these conditions were met, the fish species
was classified as a generalist.

Table 1. Guilds of the 11 most commonly collected species within ~250 habitat units at 10 sample
sites along the Neosho and Cottonwood Rivers, KS, based upon abundance for each species (N), the
percentage of total abundance, and the occurrence (calculated as the percentage of habitat units for
which the species was present). The proportion of abundance is reported for each mesohabitat type
and used in the analysis to classify species into functional habitat guilds.

Common Name Scientific Name
Abundance Occurrence Functional

Guild

Proportion of Abundance

N % % Pool Riffle Run

Central Stoneroller Campostoma anomalum 265 3.4 25.9 Riffle Specialist 0.03 0.95 0.02
Suckermouth

Minnow Phenacobius mirabilis 204 2.6 34.5 Riffle Specialist 0.04 0.85 0.11

Orangespotted
Sunfish Lepomis humilis 271 3.5 37.1 Pool Specialist 0.79 0.03 0.18

Bluntnose Minnow Pimephales notatus 128 1.6 25 Riffle Generalist 0.18 0.56 0.26
Longear Sunfish Lepomis megalotis 44 0.6 25 Pool Generalist 0.7 0.07 0.23

Red Shiner Cyprinella lutrensis 4641 60 94 Riffle-Run
Generalist 0.1 0.56 0.34

Bluntface Shiner Cyprinella camura 66 0.9 18.1 Riffle-Run
Generalist 0.06 0.62 0.32

Sand Shiner Notropis stramineus 722 9.3 56.9 Pool-Run
Generalist 0.32 0.1 0.58

Mimic Shiner Notropis volucellus 387 5 40.5 Pool-Run
Generalist 0.32 0.1 0.58

Bullhead Minnow Pimephales vigilax 523 6.7 85.3 Generalist 0.44 0.22 0.34
Slenderhead Darter Percina phoxocephala 289 3.7 66.4 Generalist 0.23 0.48 0.29

For our second objective, we compared the above-described univariate guild classifi-
cations across four multivariate analytical tools. First, to quantitatively test how well these
criteria identified guild classifications, we used a hierarchical agglomerative cluster anal-
ysis (average linkage, Euclidean distance matrix, proportions of common species within
mesohabitats; agnes function; cluster package [31]) and bootstrap distributions of Jaccard
coefficients (values > 0.75 = valid, stable clusters; function = clusterboot; package = fpc [32]).



Diversity 2024, 16, 722 5 of 16

Second, we conducted a one-way analysis of similarity (ANOSIM) to test for differences in
fish assemblage structure among mesohabitats and non-metric multi-dimensional scaling
(NMDS) to visualize patterns [33]. Ellipses representing 90% confidence intervals for each
of the three mesohabitats (pool, riffle, and run) were calculated from environmental data
for habitat width, stream depth, and flow velocity within each mesohabitat. Third, a
similarity of percentages (SIMPER) analysis was used to determine the fish species driving
differences in assemblage structure among mesohabitats [33,34]. The SIMPER analysis was
conducted for both total abundance and presence/absence data due to high variability in
species abundances (because of a highly abundant species, Red Shiner, Cyprinella lutrensis).
We focused on species that contributed ≥5% of the cumulative sum of the variance
(package = vegan [35]).

3. Results

A total of 7791 fish were collected representing 35 species among seven families along
ten sampling sites in the Upper Neosho River watershed (Table 1; note that only the
11 most common species had enough collections to be able to run the analyses). Based on
the four criteria outlined above (A–D), fish were grouped into seven functional habitat
guilds: riffle specialist, pool specialist, riffle generalist, pool generalist, riffle–run generalist,
pool–run generalist, and generalist (Table 1). One example of each is described below. The
Suckermouth Minnow (Phenacobius mirabilis) was classified as a riffle specialist because its
mean abundance was highest in the riffle habitat (χ2 = 20.06, p < 0.001; riffle > run = pool;
p < 0.05; Figure 2A) and its proportion of abundance was much higher in the riffle habitat
compared to the other mesohabitats (mean proportion in riffle = 0.85; Table 1, refer to
criterion A in methods). The Orangespotted Sunfish (Lepomis humilis) was classified as
a pool specialist because more individuals of this species occurred in the pool habitat
(χ2 = 20.06, p < 0.001; pool > riffle = run, p < 0.05; Figure 2B) where its proportion of
abundance was very high compared to other mesohabitats (mean proportion in pool = 0.79;
Table 1; refer to criterion A in methods). The Bluntnose Minnow was classified as a rif-
fle generalist because this species was found most often in the riffle habitat (χ2 = 9.74,
p < 0.005; riffle > run > pool, p < 0.05) but their abundance in riffles was less than riffle spe-
cialists (mean proportion in riffle = 0.56; Table 1; Figure 2C; refer to criterion B in methods).
Using the same criterion, the Longear Sunfish (Lepomis megalotis) was classified as a pool
generalist (χ2 = 10.83, p < 0.005; pool > run > riffle, p < 0.05; Figure 2D). The Red Shiner
(Cyprinella lutrensis) was classified as a riffle–run generalist because this taxon was more
abundant in riffle and run habitats than pools (χ2 = 53.93, p < 0.001; riffle = run > pool,
p < 0.05; Figure 2E), but was less abundant in these riffle run habitats than single meso-
habitat specialists or generalists (proportion in riffle and run: 0.56, 0.34; Table 1; refer to
classification criterion C in methods). Based on similar classification criteria, the Sand
Shiner (Notropis stramineus) was classified as a pool–run generalist (χ2 = 9.52, p < 0.01;
run = pool > riffle, p < 0.05; Figure 2F; proportion in pool and run: 0.32, 0.58; Table 1).
The Bullhead Minnow (Pimephales vigilax) was classified as a true generalist because they
were found in equal abundance and proportion across all three mesohabitats (χ2 = 3.38,
p = 0.19; riffle = run = pool, p > 0.05; Figure 2G; Table 1; refer to criterion D in the methods).
Other common fish were similarly classified (Table 1) based on our four quantitative crite-
ria: the Central Stoneroller (Campostoma anomalum)—riffle specialist; the Bluntface Shiner
(Cyprinella camura)—riffle generalist; the Mimic Shiner (Notropis volucellus)—pool–run
generalist); and the Slenderhead Darter (Percina phoxocephala)—generalist.
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Hitchman et al – Fig. 2

Figure 2. Bar plots showing relative proportion (primary y-axis—black bar) and mean abundance
(secondary y-axis—gray bar) within each mesohabitat (pool, riffle, and run). Functional habitat
guilds are shown for each species. Data are mean ± SE. Fish examples include (A) Suckermouth
Minnow (SMM), (B) Orangespotted Sunfish (OSS), (C) Bluntnose Minnow (BNM), (D) Longear
Sunfish (LES), (E) Red Shiner (RS), (F) Sand Shiner (SS), and (G) Bullhead Minnow (BHM) [Note:
plots for the Bluntface Shiner (BFS), Slenderhead Darter (SHD), Central Stoneroller (CS), and Mimic
Shiner (MS) were not included in the figure). Additional details on the abundance, occurrence, and
proportion of all species are provided in Table 1. Results from the cluster analysis (H) were used
to validate the assignment of fish into functional habitat guilds [riffle–run generalist (RRG), riffle
generalist (RG), generalist (G), riffle specialist (RS), pool–run generalist (PRG), pool generalist (PG),
pool specialist (PS)].

Cluster analysis grouped common fish species into terminal clusters that corresponded
to the seven functional guilds identified above (Figure 2H) based on both mesohabitat
type and the strength of association. In addition, these seven terminal clusters formed
four larger, stable clusters (Jaccard bootstrap mean value > 0.84; Figure 2H). Cluster one
identified species and guilds that were more abundant in the slow, deep pool habitat [pool
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specialist functional guild (PS): Orangespotted Sunfish (OSS) and pool generalist functional
guild (PG): Longear Sunfish (LES)]. Cluster two included species that favored slower,
deeper mesohabitats but were not limited to pools [pool-run generalist functional guild
(PRG): Mimic Shiner (MS) and Sand Shiner (SS)]. Cluster three included species found
predominately in the shallow, fast, riffle habitat [riffle specialist functional guild (RS): Central
Stoneroller (CS) and Suckermouth Minnow (SMM)]. Cluster four was the largest cluster and
included guilds that had weak to moderate associations with the shallow, fast, riffle habitat
[riffle–run generalist functional guild (RRG): Bluntface Shiner (BFS) and Red Shiner (RS); riffle
generalist functional guild (RG): Bluntnose Minnow (BNM); and generalist functional guild
(G): Bullhead Minnow (BHM)]. Although the cluster analysis took a different approach than
the guild classification to grouping species, both approaches reached similar conclusions.

NMDS confirmed insights from the previous two analyses but emphasized differ-
ences in habitat type (Figure 3). The ANOSIM revealed a distinct separation (R = 0.224;
p < 0.01) of pool-, riffle-, and run-related functional guilds. The riffle specialist (RS) and
riffle generalist (RG) functional guilds were strongly associated with the riffle habitat (green
ellipse; Figure 3). The pool specialist (PS) and pool generalist (PG) functional guilds were
strongly associated with the pool habitat (blue ellipse; Figure 3). The riffle–run generalist
(RRG) and pool–run generalist (PRG) functional guilds were found between riffle–run and
pool–run habitats, respectively (red ellipse; Figure 3). The generalist functional guild was
not strongly associated with any mesohabitat (Figure 3).
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Figure 3. Non-metric multidimensional scaling biplot for habitat guilds. Points indicate individual
sample patches and ellipses indicate 95% confidence intervals. These data formed the basis of the
ANOSIM and SIMPER analyses. Green ellipse is the riffle habitat. Pool habitat is the blue ellipse. Red
ellipse is the run habitat. The guild acronyms are described in the text.

For abundance data, the SIMPER analysis showed that the Red Shiner (59.6% of total
fish captured across 94% of all habitats sampled) contributed substantially to dissimilarities
between pool–riffle, pool–run, and riffle–run habitats (0.55, 0.46, 0.54; Table 2A; Figure 4C).
For presence/absence data, individual species did not affect groupings as dramatically.
The Suckermouth Minnow and Central Stoneroller had the largest effect on dissimilarity
across groups, but they still made only small contributions to the dissimilarities between
the pool and riffle and riffle and run habitats, respectively (DC% = 0.10 for each fish for
each comparison; Table 2B; Figure 4F). Likewise, Sand Shiner, a pool-run generalist, made
the greatest contribution to differences between pool and run habitats of any species but
their impact was relatively small (0.10; Table 2B; Figure 4I).
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Figure 4. Plot of SIMPER results for influential fish species from fish–mesohabitat guilds based
on (A–E) mean abundance (y-axis) for the abundance dataset and (F–J) proportion (y-axis) for the
presence/absence dataset. Data are means. Guilds include (A,F) riffle specialist, (B,G) pool specialist,
(C) riffle–run generalist, (D,I) pool–run generalist, (E,J) generalist, and (H) pool generalist. Numbers
indicate the cumulative sum explained by the SIMPER analysis per fish species between each set
of habitats.
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Table 2. SIMPER analysis results for fish based on (A) abundance and (B) presence/absence data
contributing the most to dissimilarities among habitats. DC% = percent contribution to dissimilarities.

(A) Abundance

Pool vs. Riffle Habitat Pool vs. Run Habitat Riffle vs. Run Habitat

Species DC% Species DC% Species DC%

Red Shiner 0.55 Red Shiner 0.46 Red Shiner 0.54
Central Stoneroller 0.07 Sand Shiner 0.13 Sand Shiner 0.08
Bullhead Minnow 0.05 Bullhead Minnow 0.10 Central Stoneroller 0.07

Orangespotted Sunfish 0.05 Orangespotted Sunfish 0.08 Bullhead Minnow 0.07
Suckermouth Minnow 0.05 Mimic Shiner 0.07 Suckermouth Minnow 0.05

(B) Presence/Absence

Pool vs. Riffle Habitat Pool vs. Run Habitat Riffle vs. Run Habitat

Species DC% Species DC% Species DC%

Suckermouth Minnow 0.10 Sand Shiner 0.10 Central Stoneroller 0.10
Central Stoneroller 0.10 Orangespotted Sunfish 0.09 Suckermouth Minnow 0.10

Orangespotted Sunfish 0.09 Slenderhead Darter 0.09 Sand Shiner 0.09
Slenderhead Darter 0.08 Mimic Shiner 0.09 Mimic Shiner 0.07

Sand Shiner 0.07 Longear Sunfish 0.08 Slenderhead Darter 0.07

4. Discussion

Our functional habitat guild analysis for native prairie stream fish identified several
take-home messages that can assist both researchers and conservation practitioners. First,
we review how our seven empirically derived groups of stream fish species can improve
ecological understanding and conservation effectiveness of native freshwater ecosystem
biodiversity. Second, we illustrate why using both mesohabitat type and the strength
of association adds understanding and utility. Third, we establish how using multiple
statistical methods adds generality to our groupings. Fourth, we explain why and how
insights from our species groupings are relevant and useful regardless of which conceptual
framework and methodology is used. Finally, we emphasize the inescapable difficulty
but unarguable importance of creating species groups that are ecologically meaningful,
accurate, and practical for conservation.

We identified an approach for quantifying species–habitat relationships using func-
tional habitat guilds that can improve ecological understanding, conservation, and man-
agement of native freshwater ecosystems’ biodiversity. We classified stream fish into
seven functional habitat guilds (1. riffle specialist, 2. pool specialist, 3. riffle generalist,
4. pool generalist, 5. riffle–run generalist, 6. pool–run generalist, and 7. generalist). A
clear advantage of our groupings is that they are empirically derived, based upon field
sampling within the region, and do not rely on indirect information taken from keys or
resources from other regions or states (e.g., [36]). The ‘habitat guild’ concept has been
previously applied to stream fish community dynamics [37–39]. Our results have features
that are both similar and different from other species groupings. Other investigators also
concluded, as we did, that (1) the Orangespotted and Longear Sunfish are associated with
pool habitats [40,41], (2) the Mimic Shiner is associated with pool and run habitats [42], and
(3) the Central Stoneroller is a riffle specialist in the Great Plains and Midwest [40,43,44].
Although empirical species groupings have the advantage of scientific accuracy, individual,
site-specific habitat groupings can differ across regions. Our result that the Bluntnose
Minnow has a general affinity for riffle habitats is confirmed by other Midwest studies [40],
but elsewhere others have associated this species with pools [42,45] or multiple habitats [46].
Our analyses classified the Red Shiner as a riffle–run generalist, but others have found
that this common fish uses pools [42] or many different habitats [41]. Finally, we classified
the Slenderhead Darter as a mesohabitat generalist species, whereas in other studies this
taxon shows affinity for slow riffles [40] or riffle and run habitats [41]. In our study, the
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Slenderhead Darter showed a non-statistical affinity for the riffle habitat (barely missing
the cut off to be classified as a riffle generalist), but in the Neosho watershed it can move
into deeper water after spawning [44,47].

Understanding patterns and drivers of similar and different habitat associations across
geographic locations and sources of variation are at the heart of science-based stream
fish conservation. Identifying both areas of agreement and testable aspects of ambiguous
patterns are important future directions for data-driven conservation. Some of the dispar-
ity among groupings, as described above, is due to addressable factors (e.g., the use of
different gear types for fish collection [45] or how habitats were defined and delineated
for a particular study). As such, there is a need to consider implementing ecoregion-wide
standardization in definitions and methods. In the future, when empirical data on habitat
associations are comparable, the ecological and conservation communities can start to
tease apart the degree to which similarly constructed fish–habitat associations naturally
differ among different geographical areas or disturbance regimes. Analyzing these broader
trends can greatly advance the ecological understanding of natural systems and effective
options for biodiversity monitoring.

Using the functional guild approach, we were able to examine mesohabitat special-
ization (generalists vs. specialists) among our fish–habitat associations. This is critically
important as freshwater ecosystems and freshwater fish are facing unprecedented habitat
loss, ecological degradation, and stream fragmentation [48,49]. The impacts of habitat
changes on fish species distribution and overall diversity requires an understanding of the
type and strength of fish–habitat associations. Nine of the eleven most common fish species
and 60% of all individuals in our research showed strong affinity for a specific mesohabitat.
For example, habitat specialists exhibited a strong, almost exclusive preference for a single
habitat. Single-habitat generalists were distinctly associated with specific mesohabitats
but spent more time in multiple mesohabitats than specialists. Dual-habitat generalists
exhibited a weaker, but still distinct affinity for multiple mesohabitats here and elsewhere.
Only two of our eleven common species (~10% of the total numbers) were true generalists
with no specific mesohabitat associations [44,50]. The addition of the strength of association
to habitat types in present and future species groupings has several advantages. First,
as we seek to standardize and compare habitat associations across sites and studies, the
addition of the strength of association to habitat type can reduce variation in site-specific
fish–habitat associations. Second, identifying specialists has conservation applications. The
coexistence of specialist species and generalist species showcases the intricate ecological
responses to anthropogenic disturbances [51]. However, habitat specialists can be more
susceptible to extinction [52] and more affected by habitat availability [53]. Because the
amount of habitat differentially affects habitat specialists [54,55], increasing levels of habitat
loss and fragmentation are an especial concern for scientists and managers [56]. Due to the
dramatic declines in freshwater biodiversity, it is critical to protect systems, avoid further
habitat destruction, and increase recovery efforts [57].

We advocate that environmental professionals define and test functional guilds using
multiple statistical analyses. Here, we used univariate (proportion and Kruskal–Wallis)
and multivariate (cluster analysis, NMDS, and SIMPER) analyses. Not only were we able
to quantify single species–habitat relationships, but cluster analysis and NMDS allowed us
to validate our functional habitat groupings from the univariate analyses. Furthermore,
different analyses emphasize various aspects of community patterns. One insight was that
the cluster analysis illustrated both strength and type of habitat use, whereas the NMDS
highlighted habitat-type associations. In the presence/absence analysis, the dominance of a
single species was small, but the SIMPER analysis identified that the Red Shiner contributed
substantially to the variation seen between pool–riffle, pool–run, and riffle–run habitats. As
a numerically dominant species in Midwestern streams [58] that can be found in a variety
of habitats [44], the influence of the Red Shiner (and other dominant and abundant species)
on species groupings is vital information.
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Insights from our groupings apply regardless of the conceptual framework, criteria, or
methodology used to group organisms. Researchers and managers use different criteria
to group species, which can affect outcomes and the ability to compare trends across sites.
In a community ecology approach to grouping organisms, interactions between topically
determined species (e.g., predator–prey, competitors, facilitators, keystone species) are
priorities [59–61]. However, selecting which species to include or exclude can differ with
the question and system, and no subgroup of species addresses all issues of interest.
Community metrics (e.g., species richness and diversity) and statistical approaches to grouping
species (e.g., NMDS and PCA) are useful ways to reduce multi-species complexity and
measure biodiversity [62,63]. However, these simplified metrics alone also miss valuable
information. Taxonomic groupings can be a useful way of grouping species to simplify
communities (e.g., [64–66]), but taxonomic groupings alone can have limited relevance
to ecological roles. Guilds (defined as a group of species that exploit the same class of
environmental resources in a similar way [8] (p. 335) have been widely used in fish
research for diet [67–69], ecosystem function [4], reproductive strategies [9–11], or multiple
functions [4]. A developing interest in functional diversity [70] has stimulated much research
on functional traits, functional groups, and functional guilds in a variety of taxa including
fish [71–74]. Functional traits are characteristics (morphological, biochemical, physiological,
structural, phenological, or behavioral) that are “relevant to the response of such organisms
to the environment and/or their effects on ecosystem properties” [75] (p. 2959). We used
functional habitat guilds to define our groupings for consistency and to align with others
who have combined the subtle differences of guilds and functional ecology (e.g., [11]).
However, we do not focus on resolving differences in definitions or expressing a preference
for one or another of these approaches. Our functional groupings are useful because they
allow for generalizations of species–habitat relationships that can be compared across
studies and regions regardless of the grouping definition used.

Our results suggest several future directions that can advance ecology and help conser-
vation. First, quantifying fish community structure and understanding ecological function
are both important priorities that can be addressed together. Developing a structure of fish
groupings that can be applied immediately by managers across a broad scale is practical,
but without evidence of demonstrated function these groupings will not be scientifically ro-
bust or generalizable. Considering function (e.g., [76]) through trait-based analyses [36,77]
can provide mechanistic understanding of ecosystems [78,79]. However, at present, as a
profession, we do not fully understand how natural systems function or the role of most
species within those systems. Thus, research on function must be incorporated into analyses
of the structure of species groups, and the need to understand function is valuable to both
researchers and managers. Second, professionals need to thread the needle between scien-
tific accuracy and simplicity. Effective species groups need to be accurate, but also practical
enough to be applied in surveys. The only way to make sure that species groupings match
reality is to collect empirical data, create groupings, then assess the generality of those
groupings. If guilds or functional groups do not reflect natural patterns, a problem exists for
research and conservation. If the groupings require too much data or are too complicated to
apply, they will not be used in on-the-ground management surveys. No quick and easy an-
swer exists to this important but complex challenge. Nevertheless, devising creative ways
to bridge accuracy and practicality is also a priority for researcher–manager teams. Third,
quantifying variation in species groupings across locations is an ever-present challenge.
This complication requires teasing apart controllable sources of variation (methods) and
true differences in the way that the same species behaves across sites. Further, conservation
professionals need to be able to distinguish when taxa trends are generalizable versus when
site-specific anomalies exist.

All three of the above-described directions will require a coordinated team effort across
researchers and practitioners to work in a specific system (here, Great Plains stream fish).
Developing species groupings is a very difficult challenge for which no single approach
is adequate alone. As a profession, we need to work together to develop, analyze, and
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integrate an accurate and practical framework for a coalition-driven and conservation-
related master plan. Scientists and managers can benefit from recognizing the power that
exists in linking results and approaches together to build an inclusive and coordinated
network and strategic plan.
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