
Propagation of Endangered Moapa Dace

Jack E. Ruggirello1,4, Scott A. Bonar2, Olin G. Feuerbacher1, Lee H. Simons3,4, and

Chelsea Powers1

We report successful captive spawning and rearing of the highly endangered Moapa Dace, Moapa coriacea
(approximately 650 individual fish in existence at time of this study). We simulated conditions under which this
stream-dwelling southern Nevada cyprinid and similar species spawned and reared in the wild by varying temperature,
photoperiod, flow, and substrate in 14 different spawning and rearing treatments in a propagation facility. Successful
spawning occurred in artificial streams with the following characteristics: water flow directed both across the bottom
gravel substrate into a cobble bed and across the upper water column; 12–14 fish/stream (0.016–0.026 fish/L
depending on water level); static water temperature of 30–328C; photoperiod of 12 h light and 12 h dark; gradual
replacement of water from their natal stream with on-site well water; a combination of pelleted, frozen and live food;
and minimal disturbance of fish. Nevada Department of Wildlife now uses these techniques successfully to produce fish
in a culture setting. Identification of the effective combination of factors to trigger spawning in exceptionally rare
fishes can be difficult and time consuming, and limiting factors can be subtle. Sufficient numbers of available test fish,
close study and replication of wild spawning conditions, careful documentation, and patience to identify subtle limiting
factors are often required to effectively rear and spawn fishes not previously propagated.

S
PAWNING and rearing endangered species in captivity
can be a powerful tool in the preservation of
evolutionarily important populations (Johnston,

1999). Many desert fishes are on the brink of extinction
and living in environments that are susceptible to drying,
increasing temperatures, and invasions by nonnative species.
Therefore, captive breeding has been employed to provide
means to create replicate populations that can serve as
‘‘lifeboats’’ if catastrophic consequences occur in wild
environments, or to provide individuals for repatriation at
sites where they were previously extirpated (Archdeacon and
Bonar, 2009; Kline and Bonar, 2009; Bonar et al., 2011;
Feuerbacher et al., 2016; Schultz and Bonar, 2016).

Carefully documenting methods used to propagate rare
fishes in captivity is important to prevent their extinction.
For example, Yaqui catfish, Ictalurus pricei, were propagated
successfully by the U.S. Fish and Wildlife Service in the
1990s; however, specifics of the techniques used were lost
and subsequent attempts have been unsuccessful (Stewart et
al., 2017). Yaqui catfish face imminent extinction in the
United States if current trends in the wild continue (Stewart
et al., 2017) and no source of propagated fish is available.

Moapa Dace, Moapa coriacea, a cyprinid endemic to the
Muddy (Moapa) River system of Clark County, Nevada
(Hubbs and Miller, 1948; Cross, 1976) are among the rarest
fish species in existence (approximately 650 individual fish at
time of this study). Moapa Dace are thermophilic, living
primarily in the upper reaches of the Muddy River system
(Fig. 1). This area is located near the boundary of the Mojave
and Great Basin Deserts and is fed by constant-temperature
warm-water (32–338C) springs where the water cools as it
moves downstream. Habitat use of Moapa Dace has been
documented (e.g., Hatten et al., 2013) including some
relationships between spawning behavior and habitat (Rug-
girello, 2014; Ruggirello et al., 2015). Here we report the first
successful rearing and spawning of Moapa Dace in captivity.

Our objective was to use information obtained from
spawning observations of Moapa Dace in the wild (e.g.,
Ruggirello, 2014; Ruggirello et al., 2015) and methods used to
successfully spawn similar species, and replicate these
conditions in a culture setting to spawn Moapa Dace. This
information will aid in the conservation of this exceptionally
rare native desert fish species.

MATERIALS AND METHODS

Fish collection and transport for captive breeding.—Wild
Moapa Dace were captured during two different sampling
events (U.S. Fish and Wildlife Service Recovery Permit
TED86593-2). We obtained 40 adult fish (50–100 mm TL)
on 16 February 2013 using aluminum mesh minnow traps in
Pederson Stream and Plummer Stream, near Moapa, Nevada
(Fig. 1), and captured 30 additional fish (50–80 mm TL) 15
January 2014 by snorkelers using aquarium dip nets.

Immediately following capture, fish were transported to
propagation facilities at the University of Arizona’s College of
Agriculture in Tucson, Arizona, in four cube-shaped 45 L
coolers, each equipped with an aerator and a heater (50 W
Ebo-jager, Eheim, Montreal, QC), set at 308C. On the first
trip, ten dace were transported in each cooler. To minimize
effects of stress caused by transport and handling, we added
200 g (0.6% solution) of non-iodized salt (All Natural Solar
Salt Crystals, Morton Salt, Chicago, IL) and 5 ml water
conditioner (Stress Coat, Aquarium Pharmaceuticals, Chal-
font, PA) to each cooler that had been filled 75% full with
Muddy River water. For the second transport, two coolers
carried eight dace each and the other two coolers carried
seven dace each. We filled each cooler 75% full with Muddy
River water and added 135 g (0.4% solution) of Morton non-
iodized salt and 5 ml Stress Coat water conditioner.

Captive breeding equipment and location.—Two quarantine
aquaria and four artificial stream systems were built to
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captively rear Moapa Dace. We stocked the first shipment of
fish into the quarantine aquaria. Each quarantine aquaria
system consisted of a 240 L acrylic aquarium with a front
clear wall to hold fish and a 60 L glass aquarium that served
as a sump (Fig. 2). A small pump circulated water, and heaters
were installed in both the aquarium and the sump to
maintain temperatures similar to those in streams in which
fish were obtained. Before fish were added to the aquaria, we
performed a prophylactic treatment for external parasites by
removing half of the water in the coolers, adding 1 ml of 10%
buffered formalin per 4 L of water, and continued aeration.
After 10 min, we added 4 L of water from the designated
quarantine tanks to the coolers to acclimate fish to the
aquaria water, repeating every 10 min until the coolers were
full, drained halfway again and filled once more. Once
treatments were complete, 20 Moapa Dace were transferred
into each quarantine tank in no particular order. However,
despite prophylaxis and therapeutic treatments 28 fish out of
the 40 adults died during 1.5 months in the quarantine
tanks. To reduce mortality, all remaining fish and fish from
the subsequent capture were stocked directly into the
artificial stream systems.

Each artificial stream system consisted of an approximately
800 L rectangular fiberglass tank to contain fish and a 1,200 L
cylindrical fiberglass tank as a sump (Fig. 3). The fiberglass
tanks came with a circular port at one end, through which we
were able to pass a piece of 10 cm diameter PVC pipe. We set
the fill level of the artificial streams with the height of the
overflow PVC pipe exiting. Once water level reached that
height, it overflowed and fed into the sump by gravity. In the
sump, we hung two 18.95 L plastic buckets with each bottom
drilled with fifteen 10 mm holes. Each bucket was filled with
2.5 cm plastic bio-balls, topped with filter pads (Blue Bonded
Filter Pads, Pentair Aquatic Eco-Systems, Apopka, FL). Two
recirculating pumps (Rio 1100, Taam, Camarillo, CA)
pumped water from the sump through 1.9 cm diameter
vinyl tubing into the top of the bucket filters, through which
it filtered and then drained back into the sump via gravity.
Also in the sump, we installed a submersible Pondmaster
model 12 magnetic drive utility pump that pushed water
through 1.9 cm diameter PVC pipe, into an ultraviolet
sterilizer (Lifegard Aquatics model QL-40, Cerritos, CA),
through 2.5 cm diameter braided PVC tubing, then back

into the tank through a 1.9 cm diameter PVC pipe. The
pump also created a current in the artificial stream, and
velocity ranged from below detectable levels to 1.2 m/s at the
inflow, which simulated surface flows measured in wild
streams (Ruggirello, 2014). Artificial streams were 268 cm
wide x 68.5 cm long and water depth ranged from 32 to 40
cm. Three 300 W Ebo-jager heaters were installed in the
fiberglass tanks and two 300 W ViaAqua heaters (Commodity
Axis, Camarillo, CA) in the sumps to maintain stable
temperatures.

Originally, the artificial streams were housed in a green-
house receiving ambient Tucson, Arizona sunlight, but were
moved to a climate-controlled laboratory to better control
temperature and photoperiod. Once indoors, operations and
components were the same, with the exception that 220 L
glass aquaria were used as sumps. These sumps were filled
with approximately 28 L of 2.5 cm plastic floating bio-balls,
as a medium for biological filtration.

Prior to stocking fish, each system was disinfected and
cycled to establish biological filtration. Each system was filled
with water then a chlorine powder pool shock (Leslie’s Power
Powder Plus, Leslie’s Swimming Pool Supplies, Phoenix, AZ)
was dosed at 4.93 ml per 152 L of water. We allowed this to
circulate through the system for 4–5 days until the chlorine
bubbled off and reached undetectable levels as measured by
test kit. Next, we performed a 25% water change and then to
provide a nitrogen source for nitrifying bacteria, we added
1.75 g ammonium chloride per 190 L of water and allowed it
to disperse throughout the system. Each system was
inoculated with 30 ml nitrifying bacteria starter culture
(StartSmart Complete, TLC Products, Cleveland, OH) per
37.9 L of water. Lastly, 0.62 ml of dry fish food was added to
the sump to aid in establishment of heterotrophic bacteria.

Well water from the agricultural center was used during
acclimation and propagation treatments for the first group of
fish brought into captivity. Disinfected Muddy River water
was used during acclimation for the second group of fish and
to perform water chemistry treatments in an attempt to
trigger spawning. We obtained approximately 12,000 L of

Fig. 2. Diagram of aquarium system used, unsuccessfully, to quaran-
tine Moapa Dace. A 240 L acrylic aquarium (top) was used to hold the
fish. Pottery and plastic plants were provided as cover. A 60 L glass
aquarium (bottom right) was used as a sump. The sump provided
biological filtration and a submersible pump placed in the sump was
used to circulate water through the ultraviolet sterilizer and back into
the holding aquarium. Water overflowed into piping on right back into
the sump. Plumbing signified by solid black lines was flexible vinyl
tubing; open pipe was made of rigid polyvinyl chloride. Arrows show
direction of water flow.

Fig. 1. The Warm Springs area of the Muddy River system in
southeastern Nevada, where Moapa Dace occur in the wild.
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Muddy River water from Jones Spring, at the head of Apcar
Stream, to replace Tucson well water. The polyethylene
hauling tanks were disinfected prior to water collection and
transport back to Tucson. Before water was used to rear fish, it
was treated using 5.13 g Leslie’s chlorine powder per 152 L of
water, and it was allowed to bubble off for about five days
until chlorine was undetectable.

The second group of fish obtained in January 2014 was
treated somewhat differently upon arrival. We performed a 1
h prophylactic bath to eliminate external parasites, by
adding 1 ml of malachite green and formalin solution
(solution contained 0.05 ppm malachite green and 25 ppm
formalin, established methods used by USFWS Southwestern
Native Aquatic Resources and Recovery Center, Dexter, NM)
to each 45 L cooler filled three-fourths full of water and
maintained aeration. After 1 h, one-half of the water volume
was removed from each cooler and then water was slowly
siphoned through an approximately 1.5 m long airline hose,
with a 4.76 mm inside diameter, from the respective artificial
stream into the coolers, until they were full. Coolers were
then immediately drained halfway and slowly filled again.
Once complete, all 30 Moapa Dace were transferred directly
into an artificial stream.

Initially, artificial streams were maintained at 298C to 308C
with two 300 W Ebo-jager heaters in the fiberglass tanks and
one 300 W ViaAqua heater in the sumps. On the first day, we
performed a 70% water change and approximately 20% to
30% water changes daily after that, unless prophylactic
treatments were performed, then water was flushed from
artificial streams to achieve a nearly 100% water change.
After 24 h in captivity, fish were fed Hikari Micro Pellets, by
hand, twice daily and frozen invertebrates (i.e., Hikari Blood

Worms and Hikari Brine Shrimp) once daily, alternating
between the two each day. The malachite green and formalin
solution was applied prophylactically at a concentration of
26 ppt (1 ml per 38 L of water) for 1 h on the third and
seventh day in captivity. Oxytetracycline (Pennox 343,
Pennfield Animal Health, Omaha, NE) treatments were
applied at a concentration of 10 ppm for 7 h on days five
and ten. During formalin and antibiotic treatments, the
recirculating pump in the sump was turned off to isolate the
therapeutant with the fish and protect the biofilter. A
submersible model 5 Pondmaster magnetic drive utility
pump was placed in each artificial stream along with aeration
to maintain appropriate water conditions for the fish during
these treatments. A liquid praziquantel therapeutant (Prazi-
Pro, Hikari Sales U.S.A., Hayward, CA) was administered at a
rate of 1 ml PraziPro per 15 L of water on day 18 to circulate
through the system for three days and again on day 26 to
circulate for seven days before water changes. PraziPro does
not affect nitrifying bacteria (Johnson, 2014; product
directions) so biofilters were not isolated during its applica-
tion.

Feeding and general care of captive fish and maintenance of
water quality.—Fish were reared over one and a half months
before propagation treatments began. Care of fish was as
follows:

After close inspection of results from hand feeding, we
installed an automatic feeder (Fish Mate F14 Aquarium Fish
Feeder, Ani Mate, Conroe, TX) on each artificial stream,
which delivered three feedings per day. We continued
feeding frozen invertebrates to the fish once daily, alternat-
ing between Brine Shrimp, Artemia spp., and Bloodworms,

Fig. 3. Diagram of system used successfully to rear and propagate Moapa Dace. Fish were located in an 800 L fiberglass artificial stream (left). Silt
and sand (not depicted), gravel, cobble, boulders, pottery, and plastic plants were provided as substrate and cover. A 1,200 L cylindrical fiberglass
tank was provided as a sump (right). For biological filtration, two 18.95 L plastic buckets were suspended above the water level in the sump.
Submersible pumps forced water into the buckets and then it trickled through filter pads and bio-balls back into the sump. Another submersible
pump in the sump circulated water through an ultraviolet sterilizer and back into the artificial stream. For the water velocity treatment, which
ultimately led to successful spawning of Moapa Dace, a submersible pump was placed on the bottom of the artificial stream directing flow along the
substrate. At the left end of the artificial stream, water would enter the pipes and overflow. Then the force of gravity would cause it to upwell through
the bottom of the sump. Plumbing signified by solid black lines was flexible vinyl tubing; open pipe was made of rigid polyvinyl chloride. Arrows show
direction of water flow.
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Chironomus spp. In addition, we placed a leaf of organic
Romaine Lettuce Lactuca sativa var. longifolia in each artificial
stream approximately once every two months to provide
some vegetable material to fish. Temperature was monitored
daily using an ISO calibrated thermometer. Water quality
(pH, ammonia, nitrite, nitrate, alkalinity, and hardness) was
monitored daily until parameters stabilized subsequent to
the initial stocking of fish and then weekly thereafter.
Approximately 10% water changes were made weekly after
parameters stabilized as well. Gravel substrate was siphoned
monthly to remove waste.

Different treatments tested to trigger spawning in captive fish.—
We applied 14 different treatments to streams to captively
breed Moapa Dace (Table 1). We originally planned to have
two treatment and two control streams, the control streams
having all characteristics of the treatment stream except for
the application of the treatment. However, the number of
mortalities in the initial shipment forced us to put the few
remaining fish into two treatment streams for the first ten
treatments for which we did not use controls. For treatments
11–14 we were able to increase our fish numbers using the
new shipment of fish and use controls.

Treatments were based on previous field observations of
habitat in which Moapa Dace spawned collected through
long-term underwater videography monitoring (Ruggirello,
2014; Ruggirello et al., 2015). We also based techniques on
those used to successfully spawn other similar fishes (e.g.,
Archdeacon and Bonar, 2009; Feuerbacher et al., 2015; D.
Ward, USGS Grand Canyon Monitoring and Research Center,
pers. comm.). We tried to minimize disturbance of fish as
much as possible. We moved fish from their original artificial
streams only twice during a two-year period, once to
rearrange fish when a new shipment of fish was introduced,
and once during hormone treatments to minimize stress to
fish. The remainder of the time we did not handle or move
fish. Twelve of the treatments involved environmental
manipulations, and fish were given at least two weeks to
spawn after each treatment was initiated. Of these environ-
mental manipulation treatments, seven involved only slight
changes, such as adding a small box of silt to each stream or a
few additional plastic plants for cover (Table 1). Otherwise,
stream characteristics remained the same. Two of the
treatments were hormone applications, applied as either a
bath or injection. Throughout tests, we visually checked
artificial streams and sumps daily for spawning behavior,
eggs, and larvae. After treatments ended, we vacuumed the
substrate to see if any young were hiding in crevices.

Treatments were conducted from March 2013 through
May 2015 (Table 1). Short descriptions describe each
treatment in the table, but more detail is necessary to
describe the hormone treatments. We treated ten fish
captured in 2013 with a hormone bath treatment because
they were larger and several looked gravid. Ova RH (synthetic
analogue of salmonid GnRH, Syndel Laboratories, Nanaimo,
BC) was placed in a bucket with 15 L of water at a
concentration of 16 lg of Ova RH per kg of water. The ten
fish were placed in the aerated bath for 3 h and then treated
as in Table 1.

Seven days after the hormone bath was applied, we
injected four of the ten fish that received the hormone bath
treatment with carp pituitary extract. The injections were
supervised by personnel from the U.S. Fish and Wildlife
Service Southwestern Native Aquatic Resources and Recovery
Center (Dexter, NM) experienced in providing injections to

desert cyprinids. Ten mg carp pituitary (Pituitary Acetone
Powder from Carp, Sigma-Aldrich, Saint Louis, MO) were
mixed with 10 ml sterile saline solution and allowed to
dissolve for 30 minutes. Prior to injection, the abdomen of
each fish was gently depressed to determine sex if they were
ripe enough to express gametes. No gametes were expressed
by depressing the abdomen; therefore, a best guess was made
at pairing two males with two females. Fish presumed to be
females had larger abdomens and were a lighter golden
brown overall. Fish presumed to be males had flatter
abdomens and darker brown coloration with dark barring
patterns dorsally. We performed the intraperitoneal injec-
tions with 0.1 ml of extract just behind the left pelvic fin of
each fish. These fish ranged from 76 to 119 mm TL. The four
fish were all placed in one artificial stream that contained
similar conditions to those in the one from which they
originated. Based on past experience, fish typically show
spawning behavior within 24 h of injection (M. E. Ulibarri,
USFWS Southwestern Native Aquatic Resources and Recovery
Center, pers. comm.). After three days, we attempted to
express gametes from them by gently depressing their
abdomens. Stress from this handling and disruption of their
slime coat leaves the fish susceptible to bacterial infection
(M. E. Ulibarri, USFWS Southwestern Native Aquatic Re-
sources and Recovery Center, pers. comm.); therefore, fish
were treated with oxytetracycline at a concentration of 10
ppm for 7 h, same as during quarantine.

Growth of propagated fish.—Larvae produced from treat-
ments were removed and placed in 38 L rearing aquaria. One
artificial floating plant was placed in each larval aquarium for
cover. Larvae were fed ad libidum: Zigler Larval AP—100 Diet;
Zigler Larval AP—150–250 Diet; Zigler LarvalAp—250–450.
Larval growth was monitored by photographing larvae in a
petri dish at regular intervals next to a ruler.

Captive breeding data analysis.—All analyses were conducted
in Program R version 3.2.1. Larvae captures per day in the
streams were enumerated and plotted over time. Growth of
fish produced was plotted over time and modeled by fitting a
Von Bertalanffy Growth Curve and 95% confidence enve-
lopes obtained using non-linear regression techniques
(Koenker, 2015; R Core Team, 2015).

Project conclusion.—At the conclusion of the project, all fish,
one of the artificial streams and associated equipment, and
techniques were transferred to the Nevada Department of
Wildlife for general propagation. Personal communication
was used to follow up on success of these methods in a
management setting.

RESULTS AND DISCUSSION

Fish collection and general care.—The use of minnow traps to
collect Moapa Dace was less labor intensive, quicker, and
enabled the capture of larger fish than snorkeling with
aquarium dip nets. There were no mortalities during capture
or transport using either method.

When fish from the first capture and the subsequent
capture were placed directly into artificial streams, mortality
rates dropped to 1.12% per month. Except during the
mortality event of the initial group of fish during quarantine,
fish fed aggressively in both systems. Moapa Dace did not eat
floating flake food but began feeding on small sinking pellets
at the first attempt to feed them after 24 h in captivity. Fish
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Table 1. Treatments applied to trigger Moapa Dace to spawn including dates conducted, number of fish in artificial streams receiving treatments (T1
and T2), and in artificial streams under control conditions (C1 and C2). Controls were not used in treatments 1–10 because of the few fish available.
More fish were obtained for treatments 11–14, and controls, which were similar to treatment streams except for treatment applied, were used.
Treatments 1–10 were conducted using Tucson well water, and treatments 11–15 were conducted using a combination of Muddy River Water and
Tucson Well Water.

Treatment Description Date applied T1 T2 C1 C2

1) Static treatment As in wild, water depth 30–40 cm, varying velocities incl.
0.11–0.17 m/s, 3.1–6.3 mm substrate; two boulders,
two 61 cm artificial Elodea plants and two 30 cm
artificial Eleocharis plants.

1 April 13–19 April 13 7 5 — —

2) Additional
macrophyte
cover 1

Same as (1) except two more artificial 61 cm Elodea
plants, each anchored to an 18 cm terra cotta pot,
and two more 30 cm Eleocharis plants.

20 April 13–10 May 13 6 5 — —

3) Additional
macrophyte
cover 2

Same as (2) except additional artificial plants: two 45
cm Ambulia each anchored to a 10 cm terra cotta
pot, two 30 cm Ambulia, one 23 cm Cabomba, and
one 15 cm Cabomba.

11 May 13–31 May 13 6 5 — —

4) Addition of
overhead cover

3.7x4.9 m opaque polyethylene tarp placed 1.5 m
above the water surface of each artificial stream to
simulate overhead cover.

1 June 13–15 June 13 6 5 — —

5) Addition of
cobble substrate

Three approximately 400 cm2 oval-shaped patches of
cobble added to provide larger substrate.

16 June 13–5 July 13 6 5 — —

6) Addition of
sand substrate

Silica sand in two shoebox-size plastic storage bins
placed on substrate and in one smaller square plastic
container (18x18 cm) cut to 3 cm high placed on
boulder.

6 July 13–26 July 13 6 5 — —

7) Manipulation of
photoperiod

Each of following photoperiods (h light:h dark) applied
for 2 weeks: 14:10; 12:12; 10:14; 12:12; 14:10.
Incorporated similar maximum and minimum day
length experienced in Moapa, Nevada.

27 July 13–16 September 13 6 5 — —

8) Rain simulation Biofilters drained into system to increase turbidity. Then,
approximately 40 L of 268C reverse osmosis filtered
soft water sprayed over water surface of each artificial
stream to simulate rainfall. Water temperature
dropped from 308C to 298C in each stream for 2 h.
Performed twice, over two days during one week.
Following week, same procedure, larger amount of
water (80 L, 258C) applied. Larger rain event and
heater settings lowered water temperature from 308C
to 288C on the first day, and 288C to 268C on second
day. Temperature then raised 18C each day for four
days to reach initial 308C temperature.

17 September 13–6 October 13 6 5 — —

9) Addition of silt
substrate

18x18x3 cm container of silt placed in each artificial
stream. Sediment sifted through a 425 lm sieve and
24 h oven-sterilized prior to use.

7 October 13–25 October 13 6 5 — —

10) Photoperiod
and temperature
manipulation
combined

Photoperiod (h light: h dark) changed from 14:10 to
10:14. Water temperature started at 308C and
lowered 18C every 3 d until it reached 268C. Then
water temperature increased 18C every 2 d until it
reached 308C again. One day after water temperature
reached 308C, photoperiod adjusted back to 14:10.

26 October 13–7 December 13 6 5 — —

11) Temperature,
water chemistry,
photoperiod,
light intensity,
and food
manipulation
combined

Fish gradually switched from Tucson well water at 288C
to 308C Muddy River water, blended with
approximately 25% reverse osmosis filtered well water
and photoperiod (h light: h dark) changed from 10:14
to 14:10. Extra set of fluorescent lights added over
breeding tank to increase light intensity. Live food
(Grindal Worms Enchytraeus buchholzi and Daphnia
Daphnia magna) was fed to fish daily for one week
prior to treatment through one week into treatment.

5 March 14–21 March 14 20 10 10 —

12) Hormone
(Ova RH) bath

10 fish treated with 16 lg of Ova RH (synthetic
analogue of salmonid GnRH, Syndel Laboratories,
Nanaimo, British Columbia) per kg of water in 15 L
water bath for 3 h, then placed back in stream.

25 April 14–9 May 14 10 — 15 15

656 Copeia 106, No. 4, 2018



nibbled at lettuce when it was available. They did not feed
well at temperatures below 278C. Moapa Dace have small,
subterminal mouths so they appear to feed lower in the water
column, necessitating the use of the small sinking pellets.
Scoppettone et al. (1992) found that Moapa Dace are
omnivores and they follow a similar feeding pattern in
captivity. Their feeding preferences seemed to change
periodically so a varied diet is recommended. Furthermore,
maintaining water temperatures at 288C seemed to result in
calm behavior and uninterrupted feeding. Across systems, pH
was typically 7.8 and ranged from 7.5 to 8.3, and ammonia
spiked to 1 ppm soon after stocking the fish but never went
above 0 ppm after biofilters acclimated to the number of fish.
Nitrite spiked to 3 ppm initially but also remained at 0 ppm
after acclimating. Nitrate (0–40 ppm), alkalinity (80–120
ppm), and hardness (75–200 ppm) were within normal
ranges.

Different treatments tested to trigger spawning in captive fish.—
Thirteen of the fourteen treatments (Table 1) utilized to
trigger Moapa Dace to produce young in captivity were
unsuccessful. During the static treatment, fish swam slowly
in random patterns, probably searching for food. This
searching behavior was alternated by time spent hiding in
terra cotta pots and under boulders. Neither adding addi-
tional plants; adjusting photoperiod; manipulating substrate;
nor a combination of temperature, water chemistry, photo-
period, light intensity, and food manipulation changed fish
behavior. Providing additional overhead cover decreased the
amount of time fish spent hiding during the day. Less feeding
activity occurred when temperature adjustments or rain
simulations dropped water temperature below 278C. Further,
rain simulations caused an immediate increase in activity
with fish schooling up and swimming around the artificial
streams rapidly, followed by a decrease in activity a few hours
later. Increased water velocity resulted in fish occasionally
swimming to maintain a stationary position mid-channel in
the faster flowing water, similar to their drift feeding
behavior in the wild. Following both the hormone bath
and injection, fish became substantially more aggressive
toward one another and a few displayed apparent courtship
behavior (i.e., two fish would continuously swim intently
side by side for a period of time). After gently depressing on
their abdomens, we were unable to express any gametes from

fish that only received a hormone bath, but the two injected
fish, that we believed to be females, both released a clear
gelatinous fluid and one released an egg. One fry was found
in a tank where fish were given a hormone treatment,
followed by many months of fish held under static
conditions; however, this treatment could not be considered
successful. No fish were produced in the control streams
either.

Moapa Dace finally spawned in two streams when water
flow was directed parallel to the gravel substrate and into a
cobble bed (Fig. 4). The first spawning event occurred 103
days after the treatment was initiated in one stream and 204
days after it was initiated in the other stream (Fig. 5). After
the first spawning, fish produced young at various times
during the year. A control, operated under the same
conditions except for the use of the bottom flow generator,
was run for 215 days and produced no fish.

Two-hundred seven fry were produced in the flow
modification treatment. Two extended reproduction events
occurred, one between 11 August 2014–7 October 2014, and
another between 2 January 2015–15 February 2015 (Fig. 5).
Another spawning event occurred in stream 2 at the end of
the experiment, and fry were found on 27 May 2015 (Fig. 5).
No sign of nesting activity was detected during the
treatment. Hatched Moapa Dace grew to (mean TL6SD)
72.762.5 mm in 289 days. The relationship between Moapa
Dace growth and time successfully fit a von Bertalanffy
growth curve (Fig. 6).

Original broodstock, young we produced, and one artificial
stream were transferred to the Nevada Department of
Wildlife (NDOW) on 27 May 2015. The Department built
two more artificial streams identical to the one we supplied.
They then used the three artificial streams and methods
nearly identical to those we identified as successful (Table 2)
to rear broodstock and produce an additional 800 fish (500
F1 and 300 F2; Brandon Senger, NDOW, pers. comm.). They
reported they could have produced more fish but did not
because of lack of space and immediate plans for the young.
They are now planning to develop a genetic management
plan for the species in their hatcheries. The only difference
between our methods and those they used was that they used
a range of three flows, from slightly higher, to identical, to
slightly lower to what we used. According to the supervising
NDOW biologist, flow identical to that produced by

Table 1. Continued.

Treatment Description Date applied T1 T2 C1 C2

13) Long-term
flow directed
into cobble
substrate1

Same as (11), but water velocity increased at stream
bottom by placing pump on substrate with flow
directed parallel to the substrate into a cobble bed.
Additional plants also added during treatment and two
sandboxes added to one of the streams to equalize
number of sandboxes in both.

1 May 14–27 May 151 14 — 10 15
5 November 14–27 May 15 14 12 8 —

14) Hormone
(carp pituitary
extract)
injection2

Four of the ten fish that received (12) were injected
with carp pituitary extract 7 d after the hormone bath
applied. After 3 d, we attempted to express gametes
from them by gently depressing on their abdomens.

2 May 14–5 May 14 4 — 8 15

1 First larvae seen on 30 August 14, then they appeared throughout treatment until experiment end 27 May 15. Flow directed into cobble into
only one raceway from 1 May 14–4 November 14. Larvae were only produced in this raceway during this time period. Another raceway was
equipped with flow directed into cobble on 5 November 15. Larvae were then seen in this raceway on 27 May 15 (207 larvae total
produced).

2 One larva was discovered in a tank of fish treated with hormones several months after the treatment. Therefore, it was outside the time
bounds of the hormone injection experiment and might be considered a result of a static treatment instead.
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procedures we report here produced the most fish. Further-
more, they added a collection bin in the sump area to help
collect eggs and larvae. Over 1000 fish were produced from
the original 70 fish we collected, currently the only group of
Moapa Dace found outside of their natal streams.

Challenges of spawning and rearing of Moapa Dace in
captivity.—Finding the right combination of factors to rear
and propagate Moapa Dace successfully in captivity was
difficult. Aquaculturists should be cognizant of difficulties
described herein when captively breeding Moapa Dace and
plan for them to optimize chances for success. We used
observations from Moapa Dace spawning under natural
conditions (see Ruggirello, 2014) and replicated these in
our artificial streams to achieve success. Temperature, flow
conditions, depth, and substrate in the artificial stream were
all similar to those conditions noted when fish spawned in
the wild. Our study supports preserving natural conditions in
streams for continued persistence of Moapa Dace.

Acclimating wild fish to captivity is stressful to them.
Stressors such as trauma from capture, removal of slime from
handling, overcrowding, poor water quality, acclimation to

new water chemistry, and exposure to a new environment

can compromise the immune system and may result in

delayed mortality two days to a month after moving fish

(Noga, 2010).

High mortality (70%) was experienced by Moapa Dace

from the first group. Additionally, fish stocked first into the

quarantine aquaria appeared stressed and continually tried to

escape. We are unsure if stress and high mortality were

related to excess handling of the fish during capture to check

for PIT tags and to obtain length measurements; the use of

glass-sided aquaria with minimal cover; if therapeutic

treatments were not sufficiently isolated from biofilters,

reducing nitrifying bacteria and resulting in the need for

large daily water changes to maintain proper water quality; or

a combination of these or other factors (e.g., ammonia and

nitrite increased when fish were stocked into both aquaria

and artificial streams; however, the reduction of other

stressors in the artificial streams may have allowed stream

fish to better acclimate to the transfer). Further work may

isolate factors suitable for rearing Moapa Dace in static

aquaria. However, we achieved success only by use of our

Fig. 4. Detailed view of submersible
pump providing additional flow along
substrate and upwelling into cobble
bed. This photograph shows the
characteristics of the artificial stream
where most of the successful spawn-
ing took place.
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artificial stream environment employed under conditions we

report.

The second group of fish captured in January 2014

experienced substantially better survival (1.15% mortality

per month). These fish were handled much less initially; were

subject to aggressive prophylactic treatments; were placed

immediately into artificial streams with a more realistic

environment; and were acclimated to captivity in Muddy

River water. Moapa Dace did not appear very sensitive to

formalin, malachite green, oxytetracycline, or praziquantel

so these treatments appeared effective to eliminate parasites
with a minimum of stress.

The difficulty of successful propagation varies widely
among fish species. Fish need to sense a specific combination
of environmental cues to spawn, such as changes in
photoperiod, change in temperature, change in water
velocity, change in water chemistry, or presence of certain
resources, which cause a cascade of physiological events (i.e.,
the hypothalamus is stimulated to produce releasing hor-
mones that trigger the pituitary gland to release gonadotro-
phic hormones, resulting in gonads producing sex steroids
that cause gametes to develop; De Silva et al., 2008). Some
species spawn in aquaria with little more than sufficient
water and appropriate temperature (Kaya, 1991; Mattingly et
al., 2003; Bonar et al., 2011; Schultz and Bonar, 2016). Others
require more environmental enrichment such as gravel,
plants, and pottery along with a properly sequenced
manipulation of photoperiod and temperature (Archdeacon
and Bonar, 2009; Kline and Bonar, 2009). Many successful
attempts to culture stream-dwelling fishes have occurred in
artificial streams (Buynak and Mohr, 1981; Rakes et al., 1999;
Bryan et al., 2005). Depending on their spawning mode,
certain species require very specific substrate (e.g., plants,
mound nests built by another species, crevices, or caves) to
spawn (Buynak and Mohr, 1981; Rakes et al., 1999; Bryan et
al., 2005). Here again, knowledge of successful spawning
conditions in nature can aid in captive propagation.

Moapa Dace spawned successfully and produced fry only
in the treatment that incorporated an artificial stream with
an additional submersible pump that directed flow along the
gravel and cobble substrate. The treatment included a
broodfish density of 0.016–0.026 fish/L and a variety of
substrate and artificial aquatic plants (Table 2). Larval
production did not occur until three months after initiation
of the velocity treatment. The fact that they took so long to
spawn leads us to believe that Moapa Dace may need a
substantial amount of time to acclimate to conditions.
Perhaps one of the other shorter-term treatments may have
worked if applied for a longer period. Furthermore, fish from
the first capture were subjected to a sequential presentation
of stimuli in their streams, which may have introduced some
accumulated stress. However, a static treatment incorporat-
ing many of the environmental characteristics seen in the

Fig. 5. Number of Moapa Dace larvae captured over time in the two
artificial stream environments subjected to the modified water flow
treatment. Solid lines represent numbers of Moapa Dace captured in
streams immediately following spawning events. Treatment in stream 1
stopped after 392 days (no fish were produced after day 291) and
stopped in stream 2 after 204 days. Some fish escaped to the sumps
and were not enumerated in this figure.

Fig. 6. Relationship between Moapa
Dace young total length and time, fit
by a von Bertalanffy growth curve and
95% confidence envelope. All fish fed
ad libitum.
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stream, except for bottom flow directed into a cobble bed,
was run concurrently for the same length of time as the
stream with bottom flow. This treatment used fish from the
second capture subjected to minimal initial stress, and no
fish were produced. Furthermore, the treatments applied to
the streams containing the fish were subtle, and except for
the hormone treatment, and redistributing the fish from the
second capture, fish were only moved twice over a two-year
period, so stress in any of the artificial streams was probably
minimized.

Many attempts to breed other imperiled fishes (e.g., Devils
Hole Pupfish, Cyprinodon diabolis, and Yaqui Catfish, Ictalurus
pricei) of the arid Southwest were also exceedingly difficult,
and often unsuccessful and unpredictable (Deacon et al.,
1995; Stewart et al., 2017; M. E. Ulibarri, USFWS Southwest-
ern Native Aquatic Resources and Recovery Center, pers.
comm.). Other small cyprinids have also been difficult to
breed in captivity (Buynak and Mohr, 1981). Subtle adjust-
ments in flow were important to finally trigger spawning of
Spikedace, Meda fulgida, and Loach Minnow, Tiaroga cobitis
(David Ward, USGS Grand Canyon Monitoring and Research
Center, pers. comm.). Moapa Dace seem to also fit into a
category of high difficulty because they spawned successfully
only after a considerable number of tests.

Precisely replicating environmental triggers found in wild
populations is important for successful propagation. Missing
environmental stimuli or stressors from captivity result in
two common difficulties in propagation studies: females fail
to undergo final oocyte maturation, or ovulation occurs, but
eggs are not released (De Silva et al., 2008). Use of hormone
injections may help to bypass issues like missing stimuli or
stressors (De Silva et al., 2008; M. E. Ulibarri, USFWS
Southwestern Native Aquatic Resources and Recovery Center,
pers. comm.). Further testing of hormone injections may also

be merited in future studies. The conservative dose of carp
pituitary gland we delivered did not produce successful
spawns, but it did trigger courtship behavior and the release
of an egg with gentle pressure on the abdomen of a fish three
days after injection. Furthermore, we found one larval fish in
the artificial stream where hormone treatments were con-
ducted. Hormone injections have triggered fish to spawn in
captivity with great success, even when fish are extremely
difficult to propagate otherwise (Ball and Bacon, 1954;
Hamman, 1981, 1982a, 1982b; Stoeckel, 1993; Arabaci et
al., 2001; De Silva et al., 2008). A dose of carp pituitary gland
extract up to two or three times greater may be needed to
successfully spawn Moapa Dace (A. V. Gonzalez, Universidad
Autonoma de Nuevo Leon, pers. comm.). To increase the
chances of success, a larger group of fish should be used
because typically some fish do not respond to hormone
treatment (Hamman, 1981, 1982a, 1982b).

Production of Moapa Dace larvae might be improved by
providing additional cover for the young, or off-stream areas
to which larvae can escape adult predation. We checked
streams every day, provided excess pelleted and live food,
and captured larvae from the streams immediately after
seeing them. However, many larvae were captured from the
sumps below the raceways. Larvae could exit the artificial
streams into the sumps, while adults could not pass through
the screens at the exits to the stream. This protection
probably enabled many larvae to escape adult predation.
We suggest future propagation systems incorporate such
protection for the young to increase survival.

The difficulty we experienced spawning this species lends
support to the concept of keeping environments in the wild
as close to historical baseline conditions as possible so that
subtle, yet important, cues to spawning are retained. These
cues can include water velocity patterns such as upwelling

Table 2. Conditions present in artificial streams where Moapa Dace successfully spawned.

Condition Description

Artificial stream environment 800 L volume, water surface area dimensions 268 cm x 69 cm.
Water depth 32–49 cm
Main water flow generator Inflow pipe, at end of stream, 7 cm below water surface. Created a variety of velocities in the stream

from below detectable levels to 1.2 m/s at pipe inflow to stream. Flow generated by a 1200 gph
(4542 Lph) utility pump which circulated water through the system (stream, sump and filter, UV
sterilizer, back to stream).

Additional water flow generator One submersible pump on substrate, jetting water through a ½ in (1.27 cm) outlet parallel to the
substrate into a cobble bed at 500 gph (1893 Lph). Cobble bed 250 mm from pump outlet.

Water temperature Static 30–328C
Substrate 3.1–6.3 mm diameter pea-gravel substrate throughout. Three beds (each roughly 320x250 mm;

total coverage 8–12% of substrate) of 20–70 mm diameter river rock cobble on top of pea-
gravel. Two shoebox-sized and a single one-half shoebox-sized container of silca sand also placed
in streams, but no spawning activity seen near these.

Filtration Recirculated through a biofilter and ultraviolet sterilizer.
Water source Collected from spring at the head of Apcar stream (Muddy River, Nevada, Watershed) and treated by

chlorine before used. Gradually replaced by Tucson well water.
Food Three feedings per day via automatic feeder of Hikari Tropical Micropellets. Supplemental feedings of

invertebrates daily, alternating between frozen brine shrimp Artemia spp., frozen bloodworms
Chironomus spp., live grindle worms Enchytraeus buchholzi, and live daphnia Daphnia spp.

Aquatic plants Finely dissected artificial submersed plants. Between 18 and 33% of stream bottom area covered.
Photoperiod 12 h light: 12 h dark
Fish density 12–14 fish/stream (0.016–0.026 fish/L depending on water level).
Additional cover Larvae were able to escape the artificial streams to the sumps where large numbers could avoid

adult predation. Additionally, two larval fish refuge cages (22.5x19.0x19.0 cm) in each raceway
covered with 3/8 in (9.5 mm) stretch mesh and two inverted clay pots with cut entryways, 2
small boulders were provided.
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flow, subsurface and surface flow; cover; substrate; embed-
dedness; water depth and water temperature. Those wishing
to conserve imperiled fishes should be cognizant that
maintenance of such cues in the wild and close replication
of such cues in captivity may be required for successful
species conservation.
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