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Abstract As precipitation and temperature patterns
change, the resulting alterations in hydrologic condi-
tions may adversely affect some stream fishes. The
unique guild of freshwater, pelagic broadcast-
spawning minnows found in the western United States
appears to be particularly sensitive to low-flow condi-
tions. We examined reproductive and recruitment pat-
terns of one of these species, Rio Grande silvery min-
now (Hybognathus amarus), over a three-year period,
which included one year of extreme drought. We

followed gonadal development from March through
September each year, from 2017 to 2019, to determine
if Rio Grande silvery minnow were reproductively ac-
tive during extreme drought. The population structure
was also monitored to confirm successful recruitment
over the same period. We found that in all years Rio
Grande silvery minnow were reproductively active in
April through early June, including during extreme
drought in 2018. However, almost no recruitment oc-
curred in 2018, and by early 2019 the population was
dominated by older, wild age-2 fish and hatchery-reared
fishes. Our work supports previous research on pelagic
broadcast-spawning minnows and confirms that ex-
treme low-flows results in near-complete recruitment
failure of Rio Grande silvery minnow. This work will
help inform management and conservation of Rio
Grande silvery minnow and other pelagic broadcast-
spawning minnows during drought or low flows years.
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Introduction

Streamflow patterns are changing globally, and the di-
rection of change is often consistent within a region
(Gundmundsson et al. 2019). In many areas of the
western United States, changing patterns of precipita-
tion and timing of snowmelt runoff have resulted in less
winter precipitation and earlier spring runoff (Stewart
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et al. 2004; Yan et al. 2019; Overpeck and Udall 2020).
Declines in supply of winter precipitation have in-
creased the frequency of multi-year droughts in the
western United States (Seager et al. 2007), especially
when combined with high demands for human water
consumption (Blythe and Schmidt 2018). As demand
exceeds supply, more aquatic ecosystems may become
imperiled without a change in water use and conserva-
tion strategies (Glieck 2003). Even once-perennial rivers
now experience episodic channel drying due to in-
creased infrastructure intended to supply human de-
mand (Glieck 2003), and many traditionally intermittent
streams have contracted flow seasonality.

Many of the aquatic species inhabiting these ecosys-
tems may be poorly adapted to streamflow regimes that
differ from those in which they evolved. Conservation-
ists must understand how changes affect lotic systems
and devise strategies to help mitigate the effects of these
changes. For example, changes to streamflow regimes
can favor non-native species, sometimes to the detri-
ment of native species (Seegrist and Gard 1972;
Bernardo et al. 2003; Gido and Propst 2012). Reduced
streamflow and increased intermittency, among other
factors, can restructure aquatic communities and de-
crease the persistence of native fishes (Ruhí et al.
2015; Ruhí et al. 2016; Kominoski et al. 2018). How-
ever, variation in streamflow within a basin may favor
some native fishes over others, and the effects appear to
be specific to reproductive strategies (Mims and Olden
2012; McManamay and Frimpong 2015, Perkin et al.
2019).

Minnows in the pelagic broadcast-spawning guild
(Balon 1975, 1981; Platania and Altenbach 1998) of
the Great Plains of western North America may experi-
ence recruitment failure during low flows (Durham and
Wilde 2006, 2009; Perkin et al. 2019). Minnows in this
reproductive guild release non-adhesive, neutrally
buoyant eggs directly in the water column (Platania
and Altenbach 1998). Longitudinal and latitudinal chan-
nel connectivity, which provide access to low-velocity
habitats and ability to disperse to other areas, are impor-
tant for successful recruitment among these species
(Pease et al. 2006; Dudley and Platania 2007;
Hoagstrom and Turner 2015; Perkin et al. 2015). Given
the increase in frequency and severity of drought in the
western United States, further investigation of how hy-
drologic variability drives recruitment success, while
pinpointing where failure occurs, is needed to help
conserve these native fishes.

The only persisting wild population of Rio Grande
silvery minnow (Hybognathus amarus, hereafter RGS
minnow) occurs in ~ 300 km of the Rio Grande in New
Mexico (Bestgen and Platania 1991; Edwards 2017).
Rio Grande silvery minnow is a small-bodied minnow
with a lifespan of about 3 years, though the majority do
not live past 18months (Horwitz et al. 2018). Amember
of the pelagic broadcast spawning guild (Platania and
Altenbach 1998), RGS minnow has been extirpated
from ~ 90% of its historical range (Treviño-Robinson
1959; Bestgen and Platania 1991). Channelization and
the lack of lateral connectivity have resulted in increased
water velocities and poor retention of eggs and larvae in
natal areas; many are presumably lost downstream dur-
ing spawning flows (Dudley and Platania 2007;Widmer
et al. 2010). These negative effects on recruitment are
further exacerbated by agricultural diversion dams,
which act as barriers to upstream movement (Dudley
and Platania 2007) and drying > 80 km of the main
channel during summer months (Archdeacon 2016).
Several management actions occur annually in an effort
to understand and offset negative impacts. These in-
clude long-term fish assemblage monitoring (Dudley
et al. 2020), rescue of stranded RGS minnow during
channel drying (Archdeacon 2016), and augmentation
with hatchery-reared fish when natural recruitment is
low (Osborne et al. 2012, 2013).

Recent research suggests managed spring runoff and
restoration of the channel to create low-velocity nursery
habitat can increase retention and recruitment of RGS
minnow eggs and larvae (Pease et al. 2006; Dudley and
Platania 2007; Valdez et al. 2019). While spawning
occurs during the spring suring snowmelt runoff
(Valdez et al. 2019), Hutson et al. (2018) speculate it
may also occur throughout the summer during
monsoon-driven flow spikes. Under current channel
conditions, years with higher snowmelt-driven runoff
create more of these low-velocity nursery habitats be-
cause of increased lateral connectivity to the floodplain
(Dudley and Platania 2007). This typically results in
more juveniles observed during fish rescue and autumn
surveys (Archdeacon 2016; Dudley et al. 2020). Here,
we examine trends in reproduction and recruitment of
RGS minnow over a three-year period that includes two
years of high streamflow and one year of extreme low
flow. We build on previous work on the reproduction
and flow-recruitment relationships of freshwater pelagic
broadcast-spawning species during extreme drought
(Durham and Wilde 2006, 2009; Perkin et al. 2019) by
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pairing population monitoring data with reproductive
investment data collected during years with differing
flow conditions.

Our objectives were to provide insight on reproduc-
tive investment and flow-recruitment dynamics of RGS
minnow, furthering our knowledge of pelagic
broadcast-spawning minnows. To do this, we assessed
gonadal development of RGS minnow from February
through September for three consecutive years, 2017 to
2019, and compared those data to recruitment data
collected over the same period of time. Both 2017 and
2019 had above average precipitation and snowpack
leading to above average spring runoff; 2018 in contrast
was the lowest spring runoff year in the New Mexico
reach of the Rio Grande in the 21st century, resulting in
substantial drying (Fig. 1). Based on previous research
on pelagic broadcast-spawning minnow that examined
reproductive investment and recruitment dynamics
(Perkin et al. 2019), we hypothesized that RGS minnow
would allocate resources to gonadal development even
during the low runoff year in 2018, but would have
significantly lower recruitment in this drought year
compared to high-flow years.

Materials and methods

Study area

We studied gonadal development and recruitment of
RGSminnow in the San Acacia reach of the Rio Grande
of New Mexico. The San Acacia reach extends approx-
imately 145 km from the San Acacia Diversion Dam to
Elephant Butte Dam (Fig. 1). Here, the Rio Grande is
almost exclusively a sand-bottomed, braided channel
river (Massong et al. 2006; Swanson et al. 2011). The
San Acacia Reach is the lowest reach of the Rio Grande
inhabited by RGS minnow. We examined daily
streamflow at the U.S. Geological Survey gauge below
San Acacia Diversion Dam (Fig. 1; gage 08354900)
from 2017 to 2019 and compared it to the historical
median streamflow from 1974 to 2019 to assess drought
severity within this reach. We also examined the month-
ly Palmer Drought Severity Index for the upper Rio
Grande basin in Colorado, which is the major source
of snowmelt runoff for the Rio Grande in New Mexico.
The contemporary annual flow regime of this reach is
driven by snowmelt runoff in spring months, followed

by low-flows and intermittency due to a combination of
seasonal drought and water abstraction for agriculture,
which is often punctuated by North American Monsoon
rain events in late summer through early fall (Sheppard
et al. 2002), providing brief periods of increased
streamflow which may stimulate spawning. Finally,
base flows resume at the conclusion of the irrigation
season in November.

Gonadal development of Rio Grande silvery minnow

We collected RGS minnow from multiple locations in
the San Acacia Reach. In 2017 and 2018 we sampled
approximately bi-weekly from February 15 (2018) or
March 1 (2017) until approximately September 15. To
capture greater resolution during the spawning period in
2019, we sampled once monthly from February 15
through April 15, weekly from April 15 through June 6,
and monthly from June 26 until September 15. We
attempted to capture 30 individuals per sampling event
and we increased the number of sites as required. How-
ever, adult RGS minnow became rare over time within
each year, thus it was not always feasible to collect set
numbers; later sampling events generally ended with
smaller sample sizes.

We collected adult RGS minnow with a seine, back-
pack electrofishing, or fyke nets depending on
streamflow and site access. Our use of multiple gears
was necessary to ensure we captured enough fish for
analysis. While this may have introduced variability due
to differing capture efficiencies among gears, we believe
it is unlikely a one gear or another was selective with
respect to reproductive investment. Nevertheless, differ-
ent sampling gear may have targeted different size clas-
ses of RGS minnow, which may in turn have influenced
reproductive development. Therefore, we conducted a
preliminary examination and found standard length did
not predict gonadosomatic index (GSI; F1,818 = 0.281,
P = 0.60). Thus, while each gear may have been selected
for different size classes, there was no relationship be-
tween size and GSI, and we attributed changes in GSI to
changes in reproductive investment and not bias intro-
duced by gear.

Rio Grande silvery minnow were euthanized in
200 mg L− 1 overdose of tricaine methanesulfonate
(MS-222, Sigma-Aldrich™) and preserved in 10%
zinc-buffered formalin in the field. A small incision
was made in the abdomen after returning fish to the
laboratory to allow formalin to penetrate the body
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cavity. After fixation, fish were placed in water and
diluted ethanol washes for 5–7 days and stored in 70%

ethanol until dissection. Only females were used to
assess gonadal development. In the laboratory, we

Fig. 1 Map of sampling locations for Rio Grande silvery minnow in the San Acacia reach of the Middle Rio Grande, NewMexico, April to
September, 2017–2019. Cross-hatched areas represent channel drying in 2018
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recorded body mass (± 0.01 g) and measured standard
length (± 0.1 mm). We removed ovaries, blotted each
side on a paper towel, and allowed residual ethanol to
evaporate for 30 s before recording mass (± 0.0001 g).
We calculated gonadosomatic index (Wootton 1998) as

GSI ¼ Gonadmass
Totalmass

� 100

Gondasomatic index is a commonly used tool to
assess reproductive condition in fishes. Gonadosomatic
index can be used to determine general spawning con-
dition in many small-bodied cyprinids but may fail to
distinguish among more specific reproductive stages
(Brewer et al. 2008).

Recruitment of Rio Grande silvery minnow

Fish collections were made as part of a standardized mon-
itoring program for RGS minnow collected from 20 to 30
sites, February through November each year, in New
Mexico (Dudley et al. 2020). Fish assemblage data were
collected monthly at 10 fixed sites in April and October
and nine fixed sites in May through September of each
year. To collect fishes, two people drew the seine down-
stream through a single mesohabitat of uniform depth and
velocity. The length of each seine haul (± 0.1 m) was
multiplied by the width sampled by the seine (typically
2.5 m) to obtain area seined for each haul, each of which
was summed to obtain the area seined for each site. Eigh-
teen to twenty hauls were performed in discrete
mesohabitats within a 200 m section of river, which is
sufficient effort to reduce sampling error (Archdeacon
et al. 2020). Standard length (SL; ±1 mm) was measured
on all RGS minnow to determine age class. Age-0, Age-1
and Age-2 RGS minnow are generally distinguishable
based on standard length (Horwitz et al. 2018). Age-3 fish
are rarely collected and not distinguishable from Age-2
fish based on length (Horwitz et al. 2018). Thus, fish were
assigned to three age classes, Age-0, Age-1, and Age-2+.
Additionally, any fish with a visible implant elastomer tag,
indicating release from a hatchery, were recorded
separately.

Statistical analyses

We used generalized additive mixed models to estimate
median GSI values for each sampling date (Wood
2011). We fit each year separately, with ordinal day of
the year as a smoothing term and site as a random effect

using the “gamm” function from package “mgcv”
(Wood 2011) in program R (R Core Team 2018). We
used a model that assumed a quasipoisson error distri-
bution as GSI is constrained to positive values. We
calculated the deviance explained (DE) for each year
from the deviance from the null model (intercept only,
DN) and deviance from the full model (DR) as

DE ¼ ðDN � DRÞ
DN

� 100

Results

Streamflow

Streamflow was variable within and among years
(Fig. 2). Although drying occurred in all three years, it
was of short duration, occurred late in the season, and
covered only a few kilometers in 2017 and 2019. Con-
versely, in 2018 drying began in April and extended into
October, resulting in > 60 km of dry channel. Both 2017
and 2019 spring snowmelt runoff were above observed
historical averages, while 2018 was well below histori-
cal averages (Fig. 2). Palmer Drought Severity Index
was near normal (-2 to + 2) from January through No-
vember 2017, shifting to moderate drought (> -3) in
December 2017 and January 2018, to severe (> -4) in
February and March 2018, then to extreme (< -4) from
April through February of 2019. The Palmer Drought
Severity Index fluctuated between moderate drought to
near normal for the remainder of 2019.

Gonadal development of Rio Grande silvery minnow

We collected and dissected 820 female RGS minnow
from the San Acacia Reach during the study. In all years,
GSI varied through the time and was elevated from April
through early June (Fig. 2). In 2017, RGS minnow GSI
peaked at 11% in mid-April (F = 53.5, P < 0.0001, devi-
ance explained = 75.5%). Similarly, in 2019, GSI peaked
in late April at 17% (F = 12.8, P < 0.0001, deviance
explained = 47.5%). However, in 2018 peak GSI was
21% and occurred much later, in mid-May (F = 23.7,
P < 0.0001, deviance explained = 57.5%). At least a few
RGS minnow were likely capable of spawning in July
andAugust of 2018 (Fig. 2). However, 150RGSminnow

Environ Biol Fish (2020) 103:1033–1044 1037



were collected between July 1 and 30 September in all
three years. Of these, only two fish had a GSI above 30%
and one additional above 10% (Fig. 2).

Rio Grande silvery minnow population structure

Monthly sampling revealed strong recruitment in 2017,
a near lack of recruitment in 2018, and strong recruit-
ment again in 2019 (Fig. 3). Catch-per-unit-effort of the
2017 cohort steadily declined through time until August
2018. While RGS minnow were present in all collec-
tions, catch-per-unit-effort was substantially lower in
late 2018 and 2019 following recruitment failure in
2018, and remained low until after spawning occurred
in 2019. Recruits appeared in June in both 2017 and
2019, but not until August in 2018 (Fig. 3). Age-0 fish
were abundant in 2017 (n = 7,931) and 2019 (n =
1,488), but only four age-0 fish were collected in
2018. A substantial proportion of the spawning biomass
in 2019 consisted of Age-2 + and hatchery RGS min-
now (Fig. 3).

Discussion

Our results documented recruitment failure of RGS
minnow during extreme drought conditions.
Gonadosomatic index revealed that RGS minnow were
reproductively active during the extreme drought, as
GSI peaked in spring and declined through June and
July in all three years. Histological examination of ova-
ries will be required to determine if follicular atresia
occurred in response to drought; however, eggs were
collected in the river in 2018 (Dudley et al. 2019),
indicating that some degree of spawning occurred.
However, stress induced reabsorption mechanisms re-
main difficult to determine, even with histological
methods because reabsorption is often species and con-
text specific. For example, reabsorption is often influ-
enced by environmental stressors, spawning opportuni-
ty, and seasonal nutrition (Rideout et al. 2005; Rideout
and Tomkiewicz 2011). Nonetheless, very few age-0
recruits were collected during the extreme drought year.
Following this failed recruitment, catch-per-unit-effort
decreased through the autumn and winter of 2018.
Eventually, the RGSM minnow population was domi-
nated by older and hatchery-released fish. Our findings
are consistent with other minnows in the reproductive

guild, where spawning may occur during low flows, but
subsequent recruitment is poor or absent (Durham and
Wilde 2006, 2009; Perkin et al. 2019). These results
highlight the need for a greater understanding of the
availability of habitats that promote survival and recruit-
ment of eggs and larvae to adults at differing flows.

We observed variable reproductive investment
among and within years. In high flow years, GSI in-
creased in March, peaked in mid to late April, and
quickly declined through June. However, during ex-
treme drought, GSI levels appeared to be elevated in a
few females through July with a peak in mid-May.
While additional information could elucidate this pat-
tern, this extended duration of elevated GSI could be the
result of a lack of an elevated streamflow serving as a
spawning cue. As no appreciable change in flow oc-
curred from April through July 2018, it is likely flow
conditions were not suitable for spawning and fish did
not release ova for as long as possible. In contrast, we
did not observe any females with elevated GSI in July or
August in high flow years, providing little evidence
spawning occurred during monsoons. In another pelagic
broadcast-spawning minnow, smalleye shiner (Notropis
buccula), low-level, asynchronous spawning occurs
throughout spring and summer, whereas synchronized,
intense spawning occurs when streamflow is elevated
(Durham and Wilde 2008). A lack of synchronized,
intense spawning during extreme drought could be one
possible explanation for the elevated GSI we observed
through early July of 2018.

Based on laboratory observations (Platania and
Altenbach 1998) and preliminary histological examina-
tion (U.S Fish and Wildlife Service, unpubl. data), RGS
minnow are likely a batch spawning species (sensu
Brown-Peterson et al. 2011). Batch-spawning species
have multiple cohorts of oocytes that are recruited into
vitellogenesis throughout the spawning season (Brown-
Peterson et al. 2011). Many batch-spawning minnows
appear to have extended spawning seasons (e.g.,
months, Heins and Rabito 1986; Durham and Wilde
2008; Archdeacon et al. 2015). Histological examina-
tion of oocyte recruitment into vitellogenesis would be
required to confirm spawning condition of the few fe-
males that exhibited elevated GSI after July, but it is
unlikely that many were capable of spawning.
Spawning during short increases in streamflow follow-
ing monsoon rain events (June through September)
appears unlikely given the overall rarity and low GSI
of adult female RGS minnow. Our observations are
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consistent with other studies of reproductive phenology
of RGS minnow. For example, larval RGS minnow
typically appear in collections in mid-May (Turner
et al. 2010), though the date of first appearance appears
to be shifting earlier in the year (Krabbenhoft et al.
2014). Spawning readiness is driven by water tempera-
ture in other freshwater fishes (Fraser et al. 2019).
However, peak population-level GSI, and presumably
spawning capability, may not overlap with peak
streamflow runoff, as observed during extreme drought.
Similarly, conditions for peak larval production may or
may not coincide with peak spawning readiness. Thus,
further research is required to determine if peak popu-
lation spawning overlaps with the availability of habitat
for larval fishes.

Use of temporally overlapping standardized popula-
tion monitoring and reproductive investment data
allowed us to make more informative inferences than
either dataset taken independently. Examination of just
GSI could lead to the conclusion that RGS minnow
reproduce annually and drought has no effect on the
species. Similarly, examination of just recruitment data
would indicate that the fish do not reproduce during
years with low spring flows. Pairing the both sets of
data allows conservation managers to narrow down the
life-stages where recruitment failure is occurring. Our
results show that for RGS minnow spawning occurs
annually regardless of flows, and recruitment failure
occurs post-spawn. Juvenile RGS minnow rarely show
up in isolated pools that form in June and July during
low-flow years (Archdeacon 2016), which further

Fig. 2 Gonadosomatic Index (GSI) of female Rio Grande silvery
minnow collected (top) and respective flow regime (bottom) in the
San Acacia reach of the Middle Rio Grande, New Mexico. Points
are individual female GSI scores, and sample medians (thick lines)

and 95% confidence interval (dashed lines) were estimated from
generalized additive models and depict significant changes in GSI
over time in all three years
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suggests the critical time period during which recruit-
ment failure occurs must be April and May. Thus, we
predict recruitment failure is likely linked to access and
availability of habitat that retains eggs and larvae
(Dudley and Platania 2007) and post-spawn nursery
habitats (Pease et al. 2006; Valdez et al. 2019).

Four other species of pelagic broadcast-spawning
minnows, speckled chub, (Macrhybopsis aestivalis),
Rio Grande shiner (N. jemzanus), Phantom shiner
(N. orca), and Rio Grande bluntnose shiner (N. simus
simus) were extirpated from the Rio Grande in New
Mexico by the 1970s (Bestgen and Platania 1990).
The only remaining members of this reproductive guild
in the Rio Grande of NewMexico are the RGS minnow
and flathead chub (Platygobio gracilis), which spawns
denser, demersal eggs (Bestgen et al. 2016). These
extirpations are likely the result of water management
and flood control infrastructure that have changed the
natural flow regime. These changes have reduced lateral
channel connectivity, which have in turn reduced the
number of low-velocity nursery habitats that were his-
torically available during spring flows. Increased rate of
downstream transport of eggs and larvae, coupled with

barriers to upstream dispersal and channel drying, have
negatively affected many pelagic broadcast-spawning
species of the western United States (Dudley and
Platania 2007; Perkin et al. 2015). While restoration of
floodplain habitat can be beneficial for RGS minnow
(Pease et al. 2006; Gonzales et al. 2014; Valdez et al.
2019), these critical habitats will only have a positive
effect on recruitment when streamflow is great enough
to inundate them, and occur when the RGS minnow are
capable of spawning to have a positive effect on recruit-
ment. Efforts to recover RGS minnow are hampered by
the unpredictable nature of drought, and few manage-
ment actions are available to mitigate the negative ef-
fects of low flows. Consequently, this can lead to low
recruitment in a single cohort, as we observed in 2018.
For a short-lived species, sequential years of drought,
such as what occurred from 2012 to 2014, can quickly
lead to population collapse (Archdeacon 2016).

Recovery and persistence of a species following dis-
turbance hinges on resilience and resistance of the spe-
cies to the disturbance (Lake 2013). Resilience is the
ability of a species to recover from a disturbance to
levels similar to pre-disturbance, whereas resistance is

Fig. 3 Temporal change in age
composition (top) and site-
specific catch-per-unit-effort
(bottom) of Rio Grande silvery
minnow in the San Acacia reach
of the Middle Rio Grande, New
Mexico. Black line depicts mean
catch-per-unit-effort for each
period

Environ Biol Fish (2020) 103:1033–10441040



the ability of the species to remain unchanged by the
disturbance (Lake 2000; McCluney et al. 2014). In our
study, RGS minnow were resilient but not resistant to
drought. Following the extreme drought in 2018, re-
cruitment of eggs to juveniles was nearly absent and
overall catch rates declined sharply. However, RGS
minnow was able to successfully recruit in 2019 and
overall numbers increased but remained at only 20% of
2017 pre-disturbance levels. Resilience of RGSminnow
following extreme drought is bolstered by high fecun-
dity relative to small body size (Caldwell et al. 2019)
and high capacity for dispersal (Archdeacon and
Remshardt 2012; Archdeacon et al. 2018; Platania
et al. 2020), allowing them to quickly repopulate areas.
Furthermore, using genetically representative fish,
hatchery augmentation is designed to supplement wild
populations in years with poor recruitment. Following
multiple years of drought, up to 90% of RGS minnow
rescued from isolated pools in summer are hatchery fish
(Archdeacon 2016), and, based on population monitor-
ing data, likely contributed to spawning biomass. Al-
though hatchery fish have not prevented population
crashes, augmentation has likely prevented further loss
of genetic diversity in RGS minnow (Osborne et al.
2012), though full evaluation of the effects of augmen-
tation are likely confounded by barriers to dispersal
(Carson et al. 2020).

Our work highlights the need for changes in water
management that balances human demands with the
needs of wildlife. Rio Grande silvery minnow showed
a remarkable resilience to extreme drought, providing
hope that a balance between water use and conservation
can lead to a stable population of RGS minnow in the
Rio Grande. Several species of pelagic broadcast-
spawning minnows of the western United States are
dec l in ing or have a l ready been ext i rpa ted
(Worthington et al. 2018). Shorter-lived species in
fragmented habitats may lack the resilience to persist
through even a single drought (Pennock et al. 2017).
Most of these species do not have large-scale breeding
programs to augment wild populations after failed re-
cruitment. If extreme droughts, natural or anthropogen-
ic, become more common, more of these minnows may
require hatchery augmentation for persistence or face
extirpation. Continued conservation management and
research aimed at restoring natural flow regimes, im-
proving both lateral and longitudinal connectivity, and
creating nursery habitat for critical life stages can help
improve persistence RGS minnow and other pelagic

broadcast-spawning minnows (Dudley and Platania
2007; Hoagstrom and Turner 2015; Valdez et al.
2019). Despite their resilience, RGS minnow remain in
a precarious position. Reaching recovery goals will be
difficult without management actions designed to pre-
vent consecutive years of recruitment failure, which is
essential for the persistence of short-lived species.
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