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Globally, freshwater fish diversity is rapidly changing in response to land use

change, including urbanization. Time series of freshwater fish communities can

help elucidate the underlying mechanisms of species loss and gains, as well as

promote conservation strategies. Traditional approaches to understand the

dynamics of fish assemblages is traditionally focused on taxonomic diversity,

one aspect among many dimensions of biodiversity. Thus, using

complementary analytical methods, such as functional diversity, can help

researchers to develop a stronger predictive framework on the effects of the

species loss or gains in response to urbanization. We assessed temporal

changes of fish assemblages in an urban stream in East Texas between four

seasonal surveys of 1989–1990 and 2018–2019. We explored the similarities

and differences in species richness, composition, and functional diversity of

fishes. Although the species richness and functional richness between the two

time periods were similar, we observed changes in species composition. We

also observed higher functional dispersion and evenness in the

2018–2019 assemblage compared to 1989–1990 assemblage. Some fish

species were locally extirpated, while others colonized the system,

increasing the functional diversity of the current assemblage. Urbanization

has commonly been associated with declines in diversity and richness,

however, our findings suggest that the addition of a few invasive generalist

species (e.g., blue tilapia) and native tolerant (e.g., redbreast sunfish, blacktail

shiner) in this stream system could be associated with increased human

activities in this small, urbanized area in East Texas. Streams in East Texas

support very diverse fish assemblages, with some sentinel species (e.g.,

imperiled shiners: Sabine shiner, a habitat-affinity, broadcast spawner) rapidly

responding to stream alterations. Multiple stressors can underlie the dynamics

and composition of fish assemblages; thus, it is essential for more comparative

studies of current and historical data of fish assemblages. Likewise, studies

targeting sentinel fish species may have more utility for the evaluation of

freshwater ecosystems.
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1 Introduction

The loss and gain of species from local assemblages underlies

the dynamics of ecological communities (Post, 2019). Shifts in

locally co-occurring species through time are influenced by

species traits and ecological processes including environmental

filtering, dispersal, and drift (Dornelas et al., 2013; Vellend,

2016). These factors can vary in their relative strength to the

organization of aquatic ecosystems, producing diverse effects on

biological communities (Boon et al., 2000). Thus, assessing biotic

communities over time provides insights about the resiliency and

sensitivity of species in natural and novel ecosystems, like urban

streams, which is critical to develop a predictive framework on

how these assemblages may respond to agents of global change.

Threats to aquatic habitats include deforestation, alterations

of flow regimes, agriculture, and urbanization (Carvajal-

Quintero et al., 2017; Dudgeon, 2020; Su et al., 2021). In

urban landscapes, changes to aquatic habitats include channel

modification, loss of riparian vegetation, and increased

impervious surface cover. These changes alter flow regime

that, in turn, affect the abundance and distribution of fluvial

habitat features that serve as sites for foraging, reproduction, and

refugia of aquatic fauna (e.g., riffles and pools; Weaver and

Garman, 1994; Walters et al., 2005; Booth et al., 2016). Fishes

are model organisms to evaluate changes in biological

assemblages as their taxonomy is relatively well-known, they

exhibit rapid responses to environmental changes, and their

capacity for dispersal and colonization is restricted to

connectivity among water bodies (Wootton, 1991). Fishes also

serve as sentinel species to evaluate stream changes over time

(Fitzgerald et al., 1999). Urbanization has been often linked to

declines in fish diversity, loss of endemic and stream specialists,

increases in the number of tolerant and exotic taxa, and changes

in trophic structure (Marchetti and Moyle, 2001; Schweizer and

Matlack, 2005; Walsh et al., 2005; Montaña and Schalk, 2018).

Despite general knowledge about urbanization impacts on

stream ecosystems, how fish assemblages change in these

contexts are still not fully understood due to the dynamics of

fluvial ecosystems (Jackson et al., 2001). Small urban streams can

provide habitat for a number of species, including endemic

species, which contribute to the function of these urban

ecosystems (Carvajal-Quintero et al., 2019; Van Metre et al.,

2019). Therefore, understanding how the diversity and

composition of instream biota changes in urban streams is

important for biodiversity conservation and the development

of stream management plans and restoration initiatives.

Studies that compare biological assemblages often assess

taxonomic diversity (TD) (Villéger et al., 2010), although,

more recently, functional diversity (FD; i.e., organisms’ trait

diversity) has also been examined (e.g., Dornelas et al., 2013;

Bower and Winemiller, 2019). Assessing complementary aspects

of biodiversity, such as FD, has increased the understanding of

changes in biological assemblages, generating more robust

conclusions regarding the patterns observed (Cilleros et al.,

2016; Jia et al., 2020). For example, taxonomic diversity, as

given by species richness and species composition, elucidates

important aspects related to species identity or shifts in species

occurrence or relative abundance over time (Magurran, 2013).

Functional diversity is related to the role of species within their

environments as these traits are linked to their performance (e.g.,

resource acquisition and physiological tolerances; Violle et al.,

2007; Villéger et al., 2010). Functional diversity can provide a

more effective way to describe biodiversity (Mouchet et al., 2010)

and reveal the impacts of habitat changes (e.g., land-use change,

habitat homogenization) on biotic assemblages (Toussaint et al.,

2018). Organismal functional traits are linked to ecosystem

processes (i.e., effects of traits) or to ecosystem stability

through resistance and resilience (i.e., response of traits)

(Villéger et al., 2010). Studying functional diversity allows

researchers to make comparisons among different habitats

within ecosystems (e.g., riffles vs. pools) or among ecosystems,

despite differences or similarities in the taxonomic composition

(Mouchet et al., 2010). Although taxonomic diversity and

functional diversity are important to maintain ecosystem

function (Tilman et al., 1997), they are not necessarily related

(Cadotte et al., 2011). For example, Villéger et al. (2010)

measured both TD and FD of fish assemblages along a habitat

disturbance gradient in a tropical estuary and found that fish

species richness (i.e., TD) increased in more disturbed sites, while

functional specialization (i.e., FD) decreased. The species that

decreased in abundance had functional traits linked to seagrass

habitats. Results from Villéger et al. (2010) highlights the

importance of using functional diversity along with TD to

provide a more complete signal of the community and

ecosystems in presence of or after disturbances.

Rivers and streams in the Southern United States are

threatened by drastic changes in land use and increasing

urbanization (Van Metre et al., 2019), resulting in major

challenges for the conservation of local freshwater

biodiversity. In Texas, studies in major river drainages suggest

that some fish species have become extirpated, locally extinct, or

are at risk of extinction (Anderson et al., 1995; Mayes et al., 2019).

Rapid human-induced changes in stream ecosystems can

influence all aspects of species diversity, as well as fitness and

life history traits (Walters et al., 2003; McKinney, 2006). For

instance, a decrease in the magnitude of the water flow and

changes in water quality shifted the composition of the local fish

assemblage in the upper San Antonio River through species’ loss
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(of spring-associated fishes) and gains (of both native and non-

native species) (Craig and Bonner, 2021). Changes in flow

regimes and land use also result in shifts in fish traits. Pease

et al. (2018) observed that Guadalupe bass (Micropterus treculii)

from the Colorado River in Texas, increased in their body depth

over time in response to the alteration of annual flow conditions.

Thus, comparisons of historical fish assemblages with

contemporary fish surveys can quantify the changes of fish

assemblages subjected to increasing anthropogenic stressors

(Hughes and Noss, 1992; Perkin and Bonner, 2016; Craig and

Bonner, 2021).

To provide a long-term assessment of changes in local fish

assemblages, we compared results from fish surveys conducted in

La Nana Creek, an urban stream in East Texas across a 30-year

period (1989–1990 vs. 2018–2019). We evaluated the changes in

this fish assemblage using both taxonomic and functional

diversity approaches to provide inferences in the potential

shifts of these assemblages across the time period. La Nana

Creek runs through a small urban area, the City of

Nacogdoches, Texas, United States. While the population size

has only slightly increased from 1990 to 2019 in this small city

(US Census Bureau, 2011, US Census Bureau, 2020), the

impervious surface cover surrounding the creek has more

than doubled in area (Supplementary Figure S1). Impervious

surface cover has served as a proxy for urbanization (Montaña

and Schalk, 2018), suggesting that this stream has experienced an

increase in urbanization between these two survey periods. We

predicted that 2018–2019 surveys would yield lower values of

both the taxonomic and functional diversity when compared to

1989–1990 surveys. Over the past 30 years, increased human

population density and urban development may have altered

stream substrates, water flow, and temperature consequently

affecting the occurrence of some sentinel fishes (e.g., imperiled

shiners). A sentinel species is described as one that can be used to

evaluate changes that have occurred in the system over time

(Fitzgerald et al., 1999). Background sampling in east Texas

streams and in La Nana Creek watershed suggest that Sabine

shiner (Notropis sabinae) can be identified as a suitable sentinel

species. The Sabine shiner is listed as endangered species by the

Missouri Department of Conservation and a species of greatest

conservation concern in Texas (Williams and Bonner, 2007).

This species is highly associated with clear, shallow slow flowing

FIGURE 1
Location of La Nana Creek watershed in Nacogdoches County (A) in east Texas, State of Texas (B), United States (C). Red circles represent the
two surveyed sites within the watershed (upstream and downstream). Color pattern in the watershed represents upper sub-watershed (brown) and
lower sub-watershed (blue). Open rectangle on La Nana watershed depicts the actual location of the city of Nacogdoches within the watershed.
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water such as runs and riffles of small streams (Williams and

Bonner, 2006). Sabine shiner is identified as a broadcast spawner,

which requires flowing water for eggs and larvae to disperse

downstream via drift. Therefore, alteration of flow regimes and

habitat fragmentation potentially disrupt their reproductive

process by limiting downstream drift of early stages and

upstream migration of adults. Current surveys of the

imperiled Sabine shiner in Banita and La Nana Creek,

Nacogdoches County, suggest a high decrease in the relative

occurrence of this imperiled species in the main channel of La

Nana Creek (Hutchens and Montaña unpublished data), a

location where the species was considered stable

approximately 20-years ago (Williams and Bonner 2006).

In view of the needs for understanding changes in urban

stream assemblages, this study seeks to describe and inform

patterns of fish assemblages over 30-year period. Continued

urban development can negatively affect local fish

assemblages, resulting in lower species richness, in which the

remaining species in La Nana Creek may be a subset of

1989–1990 species. We predicted that fish species from

2018–2019 surveys would exhibit greater homogeneity in their

trait diversity compared to fish species from the

1989–1990 survey.

2 Material and methods

2.1 Study area

La Nana Creek is a perennial, third-order stream, and

tributary of the Angelina River in East-Central Texas. La

Nana Creek watershed located within a mixture of urban and

rural land uses, with forest covering approximately 37% of the

land followed by pastures (28%) and urban development (25%),

with the City of Nacogdoches predominantly covering the

middle portion of the watershed (TWDB Texas Water

Development Board, 2021). The stream is located in the City

of Nacogdoches (Texas), an urban area (US Census Bureau, 2011;

Lombardi et al., 2017). Developed and altered areas within the

city include a mixture of commercial and industrial businesses,

multiple-family dwellings, university campus, and urban

managed green space. The stream is 51.5 km long, originates

in the north of the city of Nacogdoches (Nacogdoches County,

Texas) and flows south until merging with the Angelina River.

The stream is characterized by shallow water with a mixture of

sand, silt, and bedrock substrates. Several mesohabitats also

occur within the stream including riffles, slow-flowing runs,

and pools. Stream reaches running through the city of

Nacogdoches contain debris (e.g., tires, furniture) and

concrete associated with human disposal, but also lack

vegetation along the riparian zones.

We surveyed fishes at two sites (upstream and downstream)

in the main channel of La Nana Creek (Figure 1), over four

seasons for 1 year (i.e., fall 2018, winter 2018, spring 2019,

summer 2019). The sites and sampling methods were

replicated based on 1989–1990 surveys by Ahle et al. (1991).

These sites within the stream were selected because they appear

to be surrounded by different land uses. For example, the

upstream site (31⁰39′42.0″ N - 94⁰38′18.4″ W), which is

located about 4.5 km upstream from the city of Nacogdoches,

is dominated by pasture with riparian vegetation covering

approximately 10% of the stream channel and composed

primarily of hardwood trees. The downstream site

(31°37′03.5″ N - 94°38′29.7″ W) located within the city of

Nacogdoches, is surrounded by urban development. At this

site, the stream is channelized, with very few bends and

meanders, and stream banks lack forest vegetation. To better

understand whether changes in land uses happened in La Nana

Creek watershed between the two surveyed periods, we examined

Landsat color images from 1991 and 2016 (USGS National Land

Cover Database, upper and lower Angelina Sub-watersheds,

HUC 1202002 and 12020005). We were unable to obtain

Landsat images from our specific survey period

1989–1990 and 2018–2019. However, with the images from

1991 and 2016, we estimated the developed land cover using

different degrees of intensity such as high, medium, low

intensities, as well as open space (see Supplementary Figure

S1 for details). Development within the watershed and around

surveyed sites has increased from 2,892 Ha (1991) to 7,476 Ha

(2016), an increase of 159% (Supplementary Figure S1).

2.2 Fish collections

Fishes were collected along a reach of approximately

300 m and all available habitats were surveyed using a seine

(4.6 m × 1.8 m, 5-mm mesh) and backpack electrofisher (LR-

24 Smith-Root®). All fish specimens were identified, counted,

and released downstream. When available, a maximum of

12 individuals per species were anesthetized using clove oil for

preservation in a 10% buffered formalin solution, and then

transported to the laboratory for further morphological

analysis. We classified fish species as native, native

invaders, and introduced species. We used taxonomic keys

to identify fish species in the field. In addition, we used the

Catalog of Fishes (Fricke et al., 2022) to verify the validity of

taxonomic names of fish species.

2.3 Functional traits

For all species reported in this study, we measured

15 morphological traits from two to 12 adult individuals per

fish species (average ± SD; 6.0 ± 3.0; Supplementary Table S1).

Morphometric measurements were made using a digital caliper

(precision = .01 mm).We chose 15morphological measurements
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(body standard length, head height, gape width, interorbital

distance, snout length shut, snout length open, peduncle

width, peduncle length, dorsal height, anal length, anal height,

caudal length, pectoral length, pectoral height, and mouth

position) because they are known to reflect various facets of

habitat use, trophic ecology, and performance of fish individuals

(Winemiller, 1991; Montaña and Winemiller, 2010; Montaña

et al., 2014). While most of the measurements we made were

from fish specimens collected during the 2018–2019 surveys,

there were cases in which specimens were not available or were

insufficient to be used in the functional diversity analysis.

Therefore, we used fish specimens that were collected from

the same sites, but in different years that were close to the

year of our collection in the study (Supplementary Table S1).

All specimens used and measured were deposited at the fish

collection at Stephen F. Austin State University, Nacogdoches,

Texas. Thus, because the measurements of morphological traits

made on adult specimens of a given species were virtually

consistent, we calculated species means for 15 morphological

attributes and used these averages in subsequent analyses.

2.4 Data analysis

Our sampling unit was locality (n = 2 sites) during each

season (n = 4 seasons) for both 1989–1990 and

2018–2019 surveys (i.e., eight sampling units per given site

and period of time). First, we used a generalized linear model

(GLM) with the Gaussian distribution to examine fish species

richness (dependent variable) between 1989–1990 and

2018–2019 surveys (independent variables). We evaluated

the residuals from this model using KS, dispersion, and

outlier tests from DHARMA package (Hartig, 2021);

however, they were not significant (p > .05). Then, we

evaluated the differences in species composition between

1989–1990 and 2018–2019 surveys using the permutational

multivariate analysis of variance (PERMANOVA) to test for

significant clustering of the time and computed

999 permutations. Prior to PERMANOVA, we removed

observations that had few species, and then applied the

Hellinger transformation to the data. We used non-metric

multidimensional scaling (NMDS), using relative abundance

data and the Bray Curtis dissimilarity index, to graphically

visualize the variability of species composition between

surveys (1989–1990 versus 2018–2019). We classified fish

species into four groups based on their frequency

performing a multinomial species classification using the

CLAM test (Chazdon et al., 2011). Fish species were

grouped by their high prevalence during one survey period,

‘Restricted to 1989–1990’ and ‘Restricted to 2018–2019’, high

abundance across both 1989–1990 and 2018–2019 surveys

(‘Consistent’), and low abundance across both periods (‘Too

rare’). We used vegan (Oksanen et al., 2020), usedist

(Bittinger, 2020), and labdsv (Roberts, 2019) in R (R Core

Team, 2017).

We assessed the functional diversity in a multivariate

distance-based framework using morphological trait averages

for each species. With these data, we calculated functional

richness (FRIC), functional evenness (FEVE), and functional

dispersion (FDIS). FRIC is the estimation of trait richness of

the smallest sampling unit, i.e., assemblage of a sampling point of

a season, based on n-dimensional hypervolumes. FEVEmeasures

the evenness of species abundances within the kernel density

hypervolume (Mason et al., 2005). FDIS is the average distance of

each species between the centroid of all species within the kernel

density hypervolume, taking into account the relative

abundances of species (Mason et al., 2005). We chose FDIS

rather than functional diversity because FDIS can be a better

indicator of trait dispersion in an assemblage of species

(Swenson, 2014). Also, the 15 morphological traits (listed

above) used in the analysis were chose because of their

relevance in explaining ecological aspects of species such as

habitat use, feeding ecology, and performance (Montaña and

Winemiller 2010; Bower and Winemiller 2019). To avoid the

high variability of measurements among species with different

body sizes, we standardized the measures of all continuous traits

in relation to the standard length of each specimen and used

these ratios in the analysis. Functional traits included both

quantitative and categorical variables, therefore we used the

Gower’s dissimilarity index from the natural logarithm of all

traits as a functional distance matrix between species. We

performed a principal coordinates analysis (PCoA) using the

Gower’s index as distance measure, from which the axes were

used to calculate FRIC and FEVE. We removed three time

periods from each survey (1989–1990 and 2018–2019), six in

total, because observations with few species must be removed

prior to hypervolume estimation (Cardoso et al., 2021). We

obtained the hypervolume from the kernel density of the three

first axes of the PCoA for the abundance of fish species with the

Gaussian method. We obtained the estimation of FRIC based on

n-dimensional hypervolumes from each time (‘kernel.alpha’), the

FDIS from the average distance to the centroid, or dissimilarity

between random points within the boundaries of the kernel

density hypervolume (“kernel.dispersion”), and the FEVE

from the measure of the regularity of stochastic points

distribution within the total functional space

(‘kernel.evenness’). Finally, we compared the values of FRIC,

FEVE, and FDIS between the 1989–1990 and 2018–2019 surveys

with a paired t-test. Before the t-test was performed, we assured

the data met the assumptions, using variance and a test of

normality (Shapiro-Wilk test). We based our analysis of

functional diversity on the BAT package (Cardoso et al.,

2021), complemented by the packages StatMatch (D’Orazio,

2020), labdsv (Roberts, 2019), hypervolume (Blonder and

Harris, 2019), and ggplot2 (Wickham, 2016) in R (R Core

Team, 2017).
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TABLE 1 Occurrence of fish species in the 1989–1990 and 2018–2019 surveys. Asterisks (*) refer to time “Restricted to” species of 1989–1990 and
2018–2019 surveys. Underlined (−) values refer to “Consistent” species over the two surveys according to CLAM analysis classification. “N” refers to native
species, “I” refers to introduced species, and “NI” to native invader species from the United States, but introduced in the La Nana Creek basin, Nacogdoches
Texas, United States.

Family Species 1989–1990 2018–2019 Status

Aphredoderidae

Aphredoderus sayanus (Gilliams 1824) 0 5 N

Catostomidae

Erimyzon claviformis (Girard 1856) 6 3 N

Minytrema melanops (Rafinesque 1820) 5 0 N

Moxostoma poecilurum Jordan 1877 0 11* N

Centrarchidae

Lepomis auritus (Linnaeus 1758) 0 17* NI

Lepomis cyanellus Rafinesque 1819 7 15 NI

Lepomis gulosus (Cuvier 1829) 4 8 N

Lepomis humilis (Girard 1858) 0 1 N

Lepomis macrochirus Rafinesque 1819 65 44 N

Lepomis megalotis (Rafinesque 1820) 85 131* N

Lepomis microlophus (Günther 1859) 24* 2 N

Lepomis miniatus Jordan, 1877 0 1 NI

Micropterus punctulatus (Rafinesque 1819) 0 4 N

Micropterus salmoides (Lacepède 1802) 20* 2 N

Cichlidae

Oreochromis aureus (Steindachner 1864) 0 3 I

Leuciscidae

Cyprinella lutrensis (Baird and Girard 1853) 99* 0 N

Cyprinella venusta Girard 1856 16 83* NI

Lythrurus fumeus (Evermandn 1892) 0 5 N

Lythrurus umbratilis (Girard 1856) 55 19 N

Notemigonus crysoleucas (Mitchill 1814) 0 2 N

Notropis atrocaudalis Evermann 1892 341 136 N

Notropis sabinae Jordan and Gilbert 1886 83* 0 N

Pimephales vigilax (Baird and Girard 1853) 440* 4 N

Semotilus atromaculatus (Mitchill 1818) 0 12* N

Esocidae

Esox americanus Gmelin 1789 0 1 N

Fundulidae

Fundulus notatus (Rafinesque 1820) 301 77 N

Fundulus olivaceus (Storer 1845) 0 91* N

(Continued on following page)
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3 Results

3.1 Taxonomic diversity

We collected a total of 34 fish species, from 20 genera and

10 families across both the 1989–1990 and

2018–2019 surveys (Table 1). The greatest number of

species collected occurred in the families Leuciscidae

(formally family Cyprinidae) and Centrarchidae (Table 1).

The genus Lepomis (sunfishes) contained the greatest

number of species (eight species) followed by the genera

Micropterus, Cyprinella, Lythrurus, Notropis, Fundulus,

Ameiurus, and Etheostoma with two species each, and the

remaining genera contained only one species each (Table 1).

When considering the four seasons per sampling sites

(i.e., upstream and downstream) and survey period

(1989–1990 and 2018–2019), there were no significant

differences in fish species richness between 1989 and 1990

(average ± SD; 10.5 ± 3.3) and 2018–2019 (10.3 ± 9.5; GLM.

nb: χ2 = .004, df = 1,14, p = .95) surveys (Figure 2). However,

TABLE 1 (Continued) Occurrence of fish species in the 1989–1990 and 2018–2019 surveys. Asterisks (*) refer to time “Restricted to” species of 1989–1990 and
2018–2019 surveys. Underlined (−) values refer to “Consistent” species over the two surveys according to CLAM analysis classification. “N” refers to native
species, “I” refers to introduced species, and “NI” to native invader species from the United States, but introduced in the La Nana Creek basin, Nacogdoches
Texas, United States.

Family Species 1989–1990 2018–2019 Status

Ictaluridae

Ameiurus melas (Rafinesque 1820) 5 3 N

Ameiurus natalis (Lesueur 1819) 5 60* N

Noturus nocturnus Jordan and Gilbert 1886 0 28* N

Percidae

Percina sciera (Swain 1883) 0 6 N

Etheostoma artesiae (Hay 1881) 2 18* N

Etheostoma chlorosomum (Hay 1881) 2 2 N

Poeciliidae

Gambusia affinis (Baird and Girard 1853) 162 206 NI

FIGURE 2
Boxplot of fish species richness between the 1989–1990 and
2018–2019 surveys.

FIGURE 3
Non-metric multidimensional scaling (NMDS) ordination
based on species composition between the 1989–1990 and (grey
triangles) and 2018–2019 (black squares) surveys.
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we observed shifts in the species composition between

1989–1990 and 2018–2019 fish assemblages

(PERMANOVA: Pseudo-F1,8 = 3.53, p < .01; Figure 3).

According to CLAM analysis (Table 1; Figure 4), five

species (14.7%) out of the 34 fish species recorded were

detected in the 1989–1990 surveys (Restricted to

1989–1990) and included Lepomis microlophus,

Micropterus salmoides, Cyprinella lutrensis, Notropis

sabinae, and Pimephales vigilax, while nine species

(26.4%) were detected only during the 2018–2019 surveys

(Restricted to 2018–2019) and included Moxostoma

poecilurum, L. auritus, L. megalotis, C. venusta, Semotilus

atromaculatus, Fundulus olivaceus, Ameiurua natalis,

Noturus nocturnus, and Etheostoma artesiae. Of the

remaining 21 species, seven species (20.5%) were

abundant across both survey periods (time Consistent)

and included Gambusia affinis, F. notatus, L. cyanellus, L.

gulosus, L. macrochirus, Lythrurus umbratilis, N.

atrocaudalis; and 14 species (41.2%) occurred in low

abundance across both times to be assigned to a

preference class (i.e., Too rare, Figure 4). The occurrence

of two species of greatest conservation concern such as the

Sabine shiner (N. sabinae) varied from 84 individuals in

surveys of 1989–1990 to 0 individuals in surveys of

2018–2019. Likewise, the occurrence of blackspot shiner

(N. atrocaudalis) varied between surveyed periods from

341 to 136 individuals, respectively. However, the

occurrence of blacktail shiner (C. venusta), a native

invader in La Nana Creek, appeared to increase from

1989-1990 to 2018–2019 surveys (Table 1).

3.2 Functional diversity

Using the hypervolumes of the eight assemblages from the

two sampling periods, we observed high overlap of species in

functional trait space (Figure 5). Likewise, we found a statistically

similar functional richness between the 1989–1990 (average ±

SD; .013 ± .007) and 2018–2019 assemblages (.023 ± .015; F1,6 =

1.81, p = .23; Figure 6A). However, functional dispersion

increased over time (1989–1990 assemblage: .151 ± .222;

2018–2019 assemblage: .190 ± .138; F1,6 = 9.89, p = .02;

Figure 6B). Functional evenness also increased over time

(1989–1990 assemblage: .095 ± .060; 2018–2019 assemblage:

.220 ± .111; F1,6: = 6.78, p = .04; Figure 6C).

4 Discussion

Urbanization alters fish assemblages through a variety of

direct and indirect effects. For instance, direct alteration of

physical structure of the stream including stream

channelization, bank stability, removal of riparian vegetation,

can influence the abundance and distribution of stream fish

species (Walsh et al., 2005). Indirect effects include changes in

upstream land cover that result in sedimentation, increased

temperatures, and primary production due to greater light

incidence. In this study, we used taxonomic and functional

approaches to understand the dynamics of local fish

assemblage inhabiting an urbanized stream across time.

Although the species richness was similar between the two

surveys, changes in the species composition and functional

FIGURE 4
Classification of the 34 fish species according to their occurrence in the 1989–1990 and 2018–2019 surveys using CLAM analysis: Consistent
(open circles); species too rare to be assigned to a specific period (grey circles); Restricted to 1989–1990 survey (grey triangles) and Restricted to
2018–2019 survey (black squares).
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diversity of fish assemblages varied between the survey periods.

These changes included the loss of species recorded in the initial

surveys as well as the addition of species in the recent surveys,

including either native-invaders (i.e., species that in their native

range have increased in abundance beyond a level those

previously observed; Simberloff, 2011; Carey et al., 2012) or

non-native species.

Species richness was similar in both surveys, a finding that

was not consistent with our initial predictions. While some native

species were not reported in 2018–2019 surveys, the addition of

new species considered native invaders such as the cyprinid C.

venusta and sunfishes L. auritus, L. cyanellus, and L. miniatus and

the invasive species Oreochromis aureus, resulted in similarity of

species richness between compared surveyed periods. Similar to

our expectations, but contrary to our findings, a long-term study

comparing freshwater fish assemblages in Texas rivers observed

decreased diversity over time in eastern Texas streams (Anderson

et al., 1995). Likewise, decreased species richness in relation to

increasing urbanization has also been previously reported

(Onorato et al., 2000; Wang et al., 2000; Meador et al., 2005).

The stability of species richness over time can be attributed to

environmental changes, which underpin the fish species locally,

such as habitat heterogeneity and resource availability (May

1986). Nevertheless, surveys from 2018–2019 suggested higher

variation around the average (SD) for species richness compared

to surveys of 1989–1990, inferring a spatial (i.e., by sites) and

temporal (i.e., by season) variation of fish assemblages, a trend

that could be attributed to either change in water flows (Craig

and Bonner, 2021) or habitat fragmentation (Williams and

Bonner, 2006). Urbanization alters instream conditions, and

such changes may facilitate population growth of native

species and allow generalists, tolerant species to become more

common in these human degraded habitats. Populations of C.

venusta and L. auritus have become dominant in these eastern

Texas streams (Linam et al., 2002; Swanson et al., 2022; Montaña

unpublished data), and although their impacts in these local fish

communities have not been evaluated, it is important to note that

the dominance of these native invaders could eventually reduce

or extirpate populations of other native species including those

listed as species of conservation concern in east Texas streams

(e.g.,N. sabinae,N. atrocaudalis). The Sabine shiner (N. sabinae),

a broadcast spawner and habitat specialist (Williams and Bonner,

2006), was historically abundant and stable in east Texas streams.

Our 2018–2019 surveys did not yield occurrence of this shiner in

La Nana Creek. Even more recently, a year-long survey re-

assessing their population status in the Banita-La Nana Creek

system have resulted in a very low catch per unit effort (Montaña,

2020–2021 unpublished data) compared to past surveys

(i.e., Williams and Bonner, 2006).

Shifts in species composition was observed between surveyed

periods. Changes in species composition between surveys of

1989–1990 and 2018–2019, combined with the maintenance

of species richness over time may indicate that some species

were locally extirpated, while others were added to the system.

The shifts in fish assemblages are often related to declines in

specialists and concomitant increases in generalists (Parks, 2014).

Habitat specialists, such as the shiners N. sabinae and N.

atrocaudalis, that once were stable in La Nana Creek are now

listed as imperiled fish species due to population declines in east

Texas streams (Williams and Bonner, 2007). Alteration of the

FIGURE 5
A 3-dimensional hypervolume of fish assemblages from 1989–1990 and 2018–2019 surveys. Large circles with white borders represent the
centroid of 1989–1990 (red) and 2018–2019 (blue) hypervolumes (due to the proximity of centroids, some circles are overlapped). The shape and
boundaries of each hypervolume are defined by 300 random points.
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water flow and fragmentation of the main stream channel of La

Nana Creek by urban development and increased input of

anthropogenic debris impede the reproduction of Sabine

shiner, as the species needs flowing water for downstream

drifting of the eggs and larvae and upstream migration of

adults (Williams and Bonner, 2006). Although many cyprinids

(e.g., minnows and shiners) and percids (e.g., darters) seem to

persist through time, their occurrence appears to have declined

when compared to 1989–1990 surveys. Many habitat generalists

were reported only in 2018–2019 surveys including M.

poecilurum, L. auritus, F. olivaceus, and N. nocturnus. The

cyprinid S. atromaculatus and catastomid M. poecilurum are

tolerant to disturbances (Stair et al., 1984) and higher

temperatures (Taniguchi et al., 1998), and often colonize new

water bodies through interconnections between the drainage

systems (Boizard et al., 2009), other generalist species can

become a threat for native fishes. For example, the redbreast

sunfish L. auritus has been introduced in Texas streams since the

1960s, and already has threatened many congeners and other

native fauna (Fuller et al., 1999; Bonner et al., 2005). Indeed,

tolerant species have increased their occurrence in this urban

stream system with some centrarchid (e.g., L. megalotis) and

cyprinid (e.g., C. venusta) fishes becoming more abundant over

time. Changes in habitat conditions and the presence of

introduced species have been shown as primary causes

threatening local fish assemblages (Jia et al., 2020). Thus, the

shift in habitat conditions through time, due to the increase in

urbanization and stream hydrological variability, potentially

allows the maintenance of habitat generalist species that can

demonstrate a shift in more generalized feeding strategies and

greater tolerance to flow changes; hence these stream conditions

likely constrained the habitat specialists to remain in the local fish

assemblage studied (Rahel et al., 2008).

Functional richness (FRIC) was consistent between survey

periods. The stability of FRIC emphasizes that the niche space

available to be occupied by fish species was similar between the

two surveys (Mouchet et al., 2010). However, we found higher

values of FDIS and FEVE for the 2018–2019 surveys compared to

1989–1990 surveys. Greater values of FDIS may reflect an

expansion of the niche space occupied by 2018–2019 survey’s

fish assemblages, which included the addition of native invader

and invasive species. Increasing FEVE, especially associated with

stable FRIC, indicates positive consequences for ecosystem

functioning because it means that species traits

(i.e., functions), are more evenly distributed in the

2018–2019 survey than in the 1989–1990 survey. Increasing

the functional evenness means that functions are more

regularly represented by different species occupying the

assemblage (Villeger et al., 2010). Results suggest that our

1989–1990 and 2018–2019 local fish assemblages can harbor

equally diverse fish communities, with a redundancy of

functional and life history traits. It is assumed that generalist

cyprinid species are more resilient and less sensitive to changes in

prey diversity, habitat substrates, and flow regimes (Walters et al.,

2003). Increased evenness, as a consequence of local stream

disturbance (e.g., urbanization), has been also associated to

greater shifts in functional composition (Villéger et al., 2010).

In our surveys, the high values FEVE for the 2018–2019 surveys

are associated with high overlap within trait space between

common native species (e.g., sunfishes, shiners) and those

FIGURE 6
Boxplots of overall functional diversity comparisons:
functional richness (A), dispersion (B), and evenness (C) between
1989–1990 and 2018–2019 surveys. A significant difference
between metrics is designated by an asterisk (*; p < .05).
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being added such as native invaders and invasive fishes,

indicating high niche overlap and potential functional

redundancy (Montaña et al., 2014).

Fish assemblages in urban water bodies are subject to drastic

changes worldwide (e.g., Walters et al., 2003). Disentangling the

biodiversity components associated with such changes remains a

critical ecological endeavor. Despite the challenges associated

with urbanization, the urban stream fish assemblages evaluated

indicates the stability of taxonomic and functional richness over

time, with differences in species composition (taxonomic), and

functional dispersion and evenness over the 30-year survey. We

highlighted the importance to evaluate changes in fish

assemblages using complementary approaches, e.g., taxonomic

and functional, in order to improve the inferences and

conclusions of changes and similarities over time (Nakamura

et al., 2018). Future studies will benefit frommore comprehensive

surveys including more streams and across large areas and the

incorporation of behavioral and life history traits to better

understand the current state of freshwater fish species on a

regional scale, but also to fill gaps concern trait-based ecology

in the stability of our freshwater ecosystems.
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