
 wileyonlinelibrary.com/journal/jai J. Appl. Ichthyol. 2016; 32: 1016–10251016  |  © 2016 Blackwell Verlag GmbH

Received: 11 May 2016  |  Accepted: 12 July 2016

DOI: 10.1111/jai.13211

Summary
Lake sturgeon Acipenser fulvescens are considered rare and were nearly extirpated in 
the Mississippi River in Missouri by 1931 as a result of overfishing and habitat frag-
mentation. Propagation efforts have been implemented by the Missouri Department 
of Conservation since 1984 as means to restore the lake sturgeon population. Although 
recent population increases have been observed, a formalized evaluation to determine 
if lake sturgeon are self- sustaining in the Missouri portion of the Mississippi River has 
not been completed. Therefore, the objectives of this study were to: (i) determine the 
proportion of reproductive individuals, (ii) evaluate seasonal movement patterns of 
adults, and (iii) validate purported spawning locations within the Mississippi River in 
Missouri. Lake sturgeon catch data indicated that approximately 11 percent of the 
population are reproductively mature. Additionally, telemetry data confirms that the 
greatest movement by adult lake sturgeon occurs during spring, which suggests 
spawning behavior. Finally, it was possible to document lake sturgeon embryos and 
emergent fry larvae below Melvin Price Locks and Dam 26 in the Upper Mississippi 
River near St. Louis, Missouri. Water velocity, depth, and substrate size were meas-
ured at this location and embryos were collected and hatched in the laboratory. River 
gage data suggest that spawning behavior may have been elicited by a large influx of 
water during a drawdown period of water above the dam. This study represents the 
first documented spawning of A. fulvescens in the Mississippi River and highlights the 
success of recovery efforts in Missouri.
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1  | INTRODUCTION

The geographic range of the lake sturgeon (Acipenser fulvescens) 
is one of the largest in North America (Harkness & Dymond, 1961; 
LeBreton, Beamish, & McKinley, 2004). The Mississippi River, Great 
Lakes, and Hudson Bay—James Bay drainages make up the majority 
of the lake sturgeon distribution. However, populations also occur in 
other drainages, including the St. Lawrence River, Lake Champlain, and 
Saskatchewan River basins (Becker, 1983; Ferguson & Duckworth, 

1997; Pflieger, 1997). While lake sturgeon populations throughout 
North America were estimated to be approximately one percent of 
their size prior to the 19th century (Tody, 1974), increasing or stable 
population trends are currently exhibited throughout most of their 
range (Runstrom & St. Pierre, 2004).

Anthropogenic influences have proven to be the major driver for 
the historic demise of the lake sturgeon. Initially, the populations 
began to suffer drastic declines as a result of commercial overharvest-
ing in the mid- 1800s (Petersen, Vecsei, & Jennings, 2007; Priegel & 
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Wirth, 1977). Installation of dam structures continued to have a neg-
ative impact on lake sturgeon abundance and distribution throughout 
North America by acting as barriers to migration, destroying essential 
spawning habitats, and isolating populations (Jager, Chandler, Lepla, & 
Van Winkle, 2001; Knights, Vallazza, Zigler, & Dewey, 2002; LeBreton 
et al., 2004; Petersen et al., 2007; Thiem, Hatin, Dumont, Van Der 
Kraak, & Cooke, 2013). In the Mississippi River, annual commercial 
landings of lake sturgeon declined 97% between 1894 (113,000 kg) 
and 1922 (3,000 kg) and were virtually extirpated in the Mississippi 
River and the state of Missouri by 1931 (Barnickol & Starrett, 1951; 
Carlander, 1954). The historic overharvesting and subsequent decline 
of the lake sturgeon stocks in the Mississippi River basin and through-
out North America was inevitable, considering their unique life history.

Unlike most freshwater fishes, A. fulvescens exhibit long life 
spans, late age- at- maturation, and periodic spawning (Becker, 1983; 
Harkness & Dymond, 1961; Scott & Crossman, 1973). They are capa-
ble of living to be approx. 150 years of age (Pflieger, 1997), and weigh-
ing up to 141 kg while reaching lengths of 241 cm (Van Oosten, 1956). 
Male lake sturgeon typically require 12–15 years to reach reproduc-
tive maturity, and spawn every 1–3 years; females need anywhere 
from 18 to 27 years to mature, and spawn every 3–9 years (Bruch & 
Binkowski, 2002; Fortin, Dumont, & Guénette, 1996; Magnin, 1966; 
Petersen et al., 2007; Roussow, 1957; Scott & Crossman, 1973). By 
delaying reproduction these life history strategies may come at a cost; 
however, this may be advantageous for their physiological and tem-
poral requirements in order to maximize size and fecundity at first 
spawning (Petersen et al., 2007). Although fecundity of lake sturgeon 
has not been studied extensively, Bruch, Miller, and Hansen (2006) 
showed that females could carry approx. 100,000–600,000 eggs, best 
predicted by the weight of the fish. Information regarding age, growth, 
maturity, and spawning periodicity of lake sturgeon is well known from 
the Great Lakes and Lake Winnebago regions; however, this informa-
tion is lacking from the Mississippi River basin (Runstrom & St. Pierre, 
2004). Life history attributes and spawning strategies are important 
aspects to understand their reproductive ecology.

Lake sturgeon usually spawn during the spring season, from mid- 
April to early June (Petersen et al., 2007) directly following an autumn 
pre- spawn migration into staging areas near spawning locations (Bruch 
& Binkowski, 2002). Lake sturgeon spawning habitat in the Lake 
Winnebago system in Wisconsin is characterized as having: proximity 
to deep overwintering pools, extensive rocky substrate or shoreline, 
substrate which is free of silt and having clean interstitial spaces, and 
sufficient water velocity to maintain clean substrate and keep incu-
bating embryos oxygenated (Bruch & Binkowski, 2002). However, 
their preferred spawning habitat in the Mississippi River is essentially 
unknown. Fertilized lake sturgeon eggs settle to the rocky substrate 
and hatch after approx. 5–14 days, depending on the water tempera-
ture (Auer & Baker, 2002; Bruch & Binkowski, 2002; Eckes, Aloisi, & 
Sandheinrich, 2015; Scott & Crossman, 1973). Water temperatures 
during breeding activity can range anywhere from 8.8 to 21.1°C; opti-
mal spawning temperatures are 11.5–16.0°C, which agrees with opti-
mal A. fulvescens embryonic survival (Bruch & Binkowski, 2002; Wang, 
Binkowski, & Doroshov, 1985). Water temperatures and flow regimes 

are key environmental variables responsible for eliciting spawning 
responses from lake sturgeon (Auer, 1996; Priegel & Wirth, 1977). 
Specific temperatures triggering spawning also depend on the rate of 
water temperature increase prior to spawning activity and on the ovar-
ian cycles of individual females, which vary among populations (Bruch & 
Binkowski, 2002; Webb, Van Eenennaam, Doroshov, & Moberg, 2001).

Acipenser fulvescens has been considered an endangered spe-
cies in the state of Missouri since 1974 (MDC, 1992). Therefore, the 
purpose of the Missouri Department of Conservation’s (MDC) Lake 
Sturgeon Recovery Plan (Est. 1992) was to delist the lake sturgeon as 
an endangered species in the state of Missouri within the Mississippi 
and Missouri River basins. The specific goals of this recovery plan 
were to: (i) establish a self- sustaining population of lake sturgeon in 
the Mississippi and Missouri rivers, (ii) ensure public understanding, 
appreciation, and cooperation with the lake sturgeon recovery effort, 
and (iii) establish a lake sturgeon population that could support a 
unique sport fishing opportunity. Identifying and assessing spawn-
ing locations and habitat is essential for effective conservation and 
management of recovering lake sturgeon populations (Thiem et al., 
2013); however, existing literature have originated principally from the 
northern portion of their range (e.g. Great Lakes). Reproductive infor-
mation for the Mississippi River Basin A. fulvescens population is insuf-
ficient and spawning sites in Missouri have never been documented. 
Therefore, the purpose of this study was to track and document the 
overall success of lake sturgeon restoration efforts in Missouri using a 
multi- tiered approach. Our objectives were to: (i) determine the pro-
portion of reproductive individuals, (ii) evaluate seasonal movement 
patterns of adults, and (iii) validate purported spawning locations 
within the Mississippi River in Missouri.

2  | MATERIALS AND METHODS

2.1 | Study area

The Upper Mississippi River (UMR) as originally defined by the Upper 
Mississippi River Conservation Committee is the 2,370- km stretch of 
river from the source headwaters at Lake Itasca, Minnesota extend-
ing downstream to Caruthersville, Missouri (Rasmussen, 1979). This 
stretch of river has 29 dams and navigation locks and a navigation 
channel maintained at a minimum of 2.7 m depth from St. Louis, MO 
to Minneapolis, MN (Southall & Hubert, 1984). Our study area encom-
passes the impounded portion of the UMR in the state of Missouri, 
USA. This contemporary delineation of the UMR is 267- km long and 
includes the reach of river downstream of the Des Moines River con-
fluence (rkm 581) near Alexandria, MO to the Missouri River conflu-
ence (rkm 314) near St. Louis, MO (Figure 1). This reach is impounded 
by seven locks and dams, including six associated navigation pools. 
The historical average annual spring flood discharge of the UMR near 
St. Louis, MO is approx. 14,000 m3/s (Olsen, Stedinger, Matalas, & 
Stakhiv, 1999). Additionally, this stretch of the UMR begins and 
ends with the two largest lock and dam structures throughout the 
Mississippi River. Lock and Dam 19 begins the upstream portion 
of this reach and is considered a nearly impassable barrier for fish 
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migration due to its height and hydropower function (Wilcox, Cornish, 
Zigler, & Johnson, 2004). Melvin Price Locks and Dam (i.e. Locks and 
Dam 26) is the terminus to this reach and subsequently beginning 
the un- impounded, open river portion of the Mississippi River, which 
flows to the Gulf of Mexico.

2.2 | Reproductive adults (objective 1)

Preliminary sturgeon sampling surveys conducted by the MDC in 
the early 1980s were unsuccessful at capturing lake sturgeon within 
the state (Carlson & Pflieger, 1981). Consequently, the MDC has 
been stocking fingerlings in the Mississippi River since 1984 and in 
the Missouri River since 1992, in order to rehabilitate this unique 
and imperiled fish species. The MDC obtained fertilized embryos 
through the Wisconsin Department of Natural Resources from Lake 
Winnebago brood stock (1984–2000), and from the Mississippi River 
Basin (i.e. Wisconsin and Yellow rivers, and Lac de Flambeau) brood 
stock since 2001. The fingerlings were reared at Blind Pony Lake Fish 
Hatchery (1984–present), Genoa National Fish Hatchery (2002–pre-
sent), Lost Valley Fish Hatchery (2013–present) and were marked 
internally with coded wire tags and/or externally by removal of spe-
cific scutes, which differed by stocking year. While most fingerlings 
were marked prior to release, 38% were not individually marked. 
Mark Twain Lake, Louisiana and Ted Shanks Conservation Area 
Wetland (Pool 24), Pools 20 and 21, the Salt and Fabius rivers, and La 
Grange were used as release sites in the Mississippi River. Hermann, 
New Haven, Washington, Boonville, Waverly, Cooley Lake, and the 
Gasconade, Osage, and Grand rivers were fingerling release locations 
for the Missouri River (Drauch & Rhodes, 2007). Stocking did not 
occur in the years 1985, 1987, 1989, 1997–2000, and 2002–2003; 
the two largest stocking years were in 1995 and 2001, which com-
prised roughly 1/3 of the total lake sturgeon stocked in Missouri.

Since 1984, a variety of gear types (e.g. trotlines, gill nets, and otter 
trawls) have been used by MDC biologists in order to assess the pop-
ulation of lake sturgeon in the Mississippi River. Trotlines comprised of 
20 or 40 single 3/0 stainless steel Eagle claw O’Shaughnessy J hooks 
per line, baited with Canadian night crawlers (Morrow, Kirk, Killgore, 
& George, 1998) captured the majority of the fish. While there were 
many types of entanglement net used to capture lake sturgeon in the 
Mississippi River; the primary sturgeon monitoring gill net was mono-
filament, 3 m high, with eight 15.2 m panels of four mesh sizes: 3.8, 
5.1, 7.6, and 10.2 cm (USFWS, 2001). Benthic otter trawls used were, 
single bag (19.05- mm mesh body and cod end) netting, with a 7.62 m 
wide mouth. Additionally, the Mini- Missouri trawl (Herzog, Ostendorf, 
Hrabik, & Barko, 2009) was used and consisted of the same netting 
but also included a cover constructed of 3.18- mm, heavy delta- style 
mesh with a 3.18- mm mesh cod end; this trawl has a narrower mouth 
of 2.44 m width and is primarily used to capture small benthic fish. 
Sampling efforts took place from October to June, with the majority 
effort in the early spring months (March and April), corresponding with 
spring spawning migrations. Data collected from all lake sturgeon sam-
plings included: fork length (FL; mm), weight (g), a section from the 
base of the first left pectoral fin ray for aging purposes, a fin clip for 
genetic analysis. They were checked for existing internal tags (passive 
integrated transponder or coded wire tags) and external tags/marks 
(bands, t- bar tags). Each unmarked lake sturgeon was implanted with 
an internal PIT- tag and external t- bar tag secured within the anterior 
portion of the dorsal fin rays. In some cases, adult fish were implanted 
with ultrasonic transmitters through surgical procedures following the 
methods of Summerfelt and Smith (1990).

In order to define the proportion of reproductive lake sturgeon in 
the Missouri portion of the UMR, we analyzed catch data collected 
by the MDC from years 2004–2015. A Fishery Analysis and Modeling 
Simulator (FAMS ©) was used to create a weight–length regression for 

F IGURE  1 Map depicting Upper 
Mississippi River, Missouri, USA from 
Des Moines River confluence (rkm 581) 
near Alexandria, MO to Missouri River 
confluence (rkm 314) near St. Louis, MO
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all fish with known weights and lengths. All fish longer than 1,000 mm 
FL were considered mature based on the average value of mean 
lengths of lake sturgeon at known reproductive ages from previous 
literature (Fortin et al., 1996). We realize that this maturity schedule 
based on size may be an overestimate of the number of reproductively 
mature lake sturgeon in the Mississippi River in Missouri; however, 
other studies have provided similar estimates of size at maturity com-
bined for both males and females (i.e. 1,080 mm FL; Bruch, 2008).

2.3 | Seasonal movement (objective 2)

We analyzed MDC telemetry data from adult fish (≥1,000 mm FL) pre-
viously implanted with ultrasonic transmitters (N = 30) to determine if 
large- scale seasonal spawning movement of lake sturgeon occurs in 
the UMR. Movement was monitored from 2010 to 2015 through an 
array of stationary tracking receivers (Vemco© VR2W) mounted to 
bridge piers, navigation buoys, rebar bottom stands, and lock cham-
bers (See Tripp, Brooks, Herzog, and Garvey (2014) for a complete 
description of the telemetry receiver arrangement). We quantified the 
mean distance (km) traveled per fish during each of the four seasons 
(i.e. winter, summer, spring, and autumn). Using SAS version 9.2, we 
ran a single- factor Analysis of Variance test to determine whether dif-
ferences occurred among seasons and distance traveled. A Tukey’s 
post- hoc test was used to determine if significant differences occurred 
between seasons.

2.4 | Validating spawning locations (objective 3)

Manual tracking efforts also occurred in areas below dams and the 
pools between them with Vemco© VR- 100 receivers in order to locate 
spawning aggregations of the lake sturgeon. Additionally, we consid-
ered purported lake sturgeon spawning locations in the Mississippi 
River through conversations with biologists, researchers, commercial 
fisherman, conservation agents, and anglers; based on angler reports, 
incidents of spawning may have occurred in 2012. Finally, on 13 April 
2015, a recreational angler was fishing in the tailwater of Melvin Price 
Locks and Dam (West Alton, MO) and observed 10–12 lake sturgeon 
exhibiting spawning behavior. A timely report and camera footage of 
these observations initiated further investigation of the site. On 16 
April 2015 we worked systematically, starting beyond the upstream 
and downstream ends of where spawning activity was witnessed. The 
observed spawning site below the dam was inspected by picking up 
the substrate by hand within 2 m of the shoreline (<1.5 m deep) and 
visually inspecting for fertilized eggs.

All embryos collected below Melvin Price Locks and Dam were 
carefully removed from the substrate with forceps and placed into 
an insulated holding tank with aerators containing river water from 
the site to supply oxygen. The embryos were promptly transferred 
to the MDC Big Rivers and Wetlands Field Station rearing facility 
(Jackson, MO) for incubation. After transport to our laboratory, the 
embryos were placed into 12 individual 32- oz mason jars contain-
ing river water from the spawning site, being moderately rolled with 
air stones. Water temperatures in the lab were kept at 17.7 ± 0.8°C, 

which was similar to the temperature of the river during the time of 
spawning. During fry hatching, non- viable embryos exhibiting fungal 
growth were removed and placed in new jars for potential late onset 
hatching. Fry were moved to four 4.5- L tanks 8 days after hatching for 
more efficient maintenance and feeding. Water exchanges took place 
when clarity was obviously diminished (e.g. every 48–72 hr), occurring 
more frequently after the fry depleted their yolk- sac and subsequently 
began exogenous feeding. The larvae were fed live brine shrimp nau-
plii two to three times daily ad libitum after their mouth parts began 
to develop. During this time, behavior was closely monitored and 
unhealthy fish were removed and preserved in 90% ethanol.

The larvae were morphologically identified as lake sturgeon based 
on Auer’s (1982) illustrations and descriptions. Additionally, larval 
samples were sent to the University of Missouri and Michigan State 
University for validating species identification and genetic analysis. 
The genomic DNA of 40 fry and two embryo samples (42 total) were 
isolated and mitochondrial haplotypes subsequently scored following 
methods similar to Drauch, Fisher, Latch, Fike, and Rhodes (2007). 
Genotypes of A. fulvescens were also amplified for these samples 
at nine specific microsatellite loci used in previous literature (May, 
Krueger, & Kincaid, 1997; McQuown, Gall, & May, 2002; Welsh, 
Blumberg, & May, 2003).

In attempts to document additional spawning events, egg collec-
tion mat methods were also used (Chiotti, Holtgren, Auer, & Ogren, 
2008; Roseman, Boase, Kennedy, & Soper, 2011; Thiem et al., 2013). 
The egg mats were constructed from 14 kg hollow concrete blocks 
(41 × 15 × 20 cm) wrapped in a 2.5 cm thick Filtrete 3M™ furnace fil-
ter secured with 91 cm heavy duty cable ties. Egg mats were soaked 
in the river below the dam, 2 m from the shoreline at 10- m intervals 
throughout the observed spawning location. Each of the 10 egg mats 
was tied to shore and checked and re- set two times per week for the 
following 30 days after spawning onset. After laboratory hatching of 
previously collected larvae, we returned to the spawning location on 
20 April 2015 and attempted to capture any lake sturgeon larvae that 
might have been settling or drifting in the river. We deployed multi-
ple Wildco® ichthyoplankton drift nets comprised of 500 μm knotless 
nylon mesh, with a stainless steel 51 cm diameter frame and detach-
able cod end. Bottom drift nets are a commonly employed method 
to document lake sturgeon larvae drifting in the water column down-
stream of spawning sites (Auer & Baker, 2002; Roseman et al., 2011). 
Drift nets were set during daylight hours (10:00–17:00 hr), 1 m from 
shore, at 5- min intervals located 1, 5, and 30 m downstream of the 
spawning location. Additional effort took place approx. 1 rkm down-
stream of the site, further offshore in the main channel, and in an adja-
cent side channel. Furthermore, efforts to assess recruitment of lake 
sturgeon in the Mississippi River have occurred from April through 
September since 2010. Over 1,000 fine- mesh mini- trawling tows 
have been completed, attempting to capture larval sturgeon species 
(D. Herzog & D. Ostendorf, Missouri Department of Conservation, 
unpublished data).

In order to identify which habitat characteristics these lake stur-
geon utilized for spawning, physical habitat characteristics were mea-
sured below Melvin Price Locks and Dam (Figure 2) directly following 
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embryo collection in the area where spawning occurred (38°51.958N, 
90°9.202W). Seven 30- m long transects were measured from the base 
of the dam to the boat launch area. At the endpoint of each transect, 
depth, water velocity, and substrate measurements were obtained. 
Depth was measured at distances of 1 and 2 m from the shoreline 
using a Crain® leveling/measuring rod (model CR- 16), for an average 
depth between the two measurements. Water velocity readings were 
obtained 20- cm below the surface and 20- cm above the substrate 1 m 
distant from the shoreline using a portable velocity flowmeter (Marsh- 
McBirney, Inc. Flo- Mate™ Model 2000). Substrates were assessed by 
tactile observational methods and characterized by using a modified 
Wentworth Classification System (Cummins, 1962; Wentworth, 1922). 
Substrate size categories were classified as: boulder (>256 mm), cob-
ble (64–256 mm), pebble (16–64 mm), gravel (2–16 mm), and sand 
(<2 mm). To further evaluate the influence of abiotic factors on this 
particular spawning event, we qualitatively assessed the influence 
of temperature and discharge on timing of the A. fulvescens spawn-
ing. Corresponding daily water temperature and river gage data were 
obtained from a U.S. Army Corps of Engineers gage (MI6T/0201B) 
located in the tailwater of Melvin Price Locks and Dam in the Upper 
Mississippi River.

3  | RESULTS

3.1 | Reproductive adults (objective 1)

Since recovery efforts of MDC in 1984, over 337,000 lake sturgeon 
fingerlings or yearlings ranging from 2.5 cm (14%) to 25 cm (44%) 
have been stocked in the Mississippi and Missouri rivers. Since 2004, 
all life stages (200–1,820 mm; FL) of 910 lake sturgeon have been 
captured in the Missouri reach of the UMR. Based on the presence of 

coded wire tags, PIT tags, or external markings approx. 479 (53%) of 
these fish were known to originate from the Blind Pony Fish Hatchery. 
In addition, since 2004 the MDC has implanted over 90 transmitters 
into lake sturgeon in the UMR in Missouri; based on the presence of 
eggs or milt by internal visual inspection during surgery or through 
use of an endoscope, 31 of these fish were determined to be repro-
ductively mature. Milt was present in one male as small as 796 mm FL, 
and black eggs were observed in one female at 1,298 mm FL. Based 
on the 1,000 mm FL size cutoff of lake sturgeon captured in the UMR 
in Missouri, our weight–length regression (Figure 3) showed that 
11.3% of these fish (n = 93) are considered to be mature (R2 = 0.97, 
N = 825, p = .0016).

F IGURE  2 Spawning site below Melvin 
Price Locks and Dam 26 (West Alton, 
MO) indicating location where Acipenser 
fulvescens embryos were collected. Physical 
habitat measurements obtained from seven 
30- m transects starting from the base of 
the dam

F IGURE  3 Weight–length regression of lake sturgeon Acipenser 
fulvescens captured in UMR since 2004. Gray box = mature 
(≥1,000 mm FL) individuals (n = 93) which make up 11.3% of the 
population (R2 = 0.97, N = 825, p = .0016)
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3.2 | Seasonal movement (objective 2)

Distances traveled by lake sturgeon in the UMR in Missouri varied by 
season (Figure 4). Fish ranged in size from 1,004 to 1,582 mm FL, with 
a mean fork length of 1,224 ± 133 mm. Movement data from mature 
lake sturgeon indicated significant differences among mean distance 
traveled per fish and season based on our ANOVA results (F3,119 = 5.40, 
p = .0016). Specifically, individual lake sturgeon traveled an average of 
10.1 ± 10.1 km during winter months, 29.0 ± 12.5 km during the sum-
mer, 29.3 ± 14.0 km in the autumn, and 189.6 ± 69.0 km during the 
spring months. Given the extensive movement patterns observed in 
spring, Tukey’s post- hoc test indicated differences in mean movement 
between the spring and all other seasons. In addition to distances 
traveled by individual lake sturgeon, they exhibited various migration 
routes. Of the fish larger than 1,000 mm FL, 24% were tagged in Pool 
20 in the UMR and remained there; 35% were tagged downstream in 
the UMR and moved upstream into Pool 20 in the spring, then back 
downstream; and 21% were tagged downstream in the UMR then 
moved into tributaries such as the Meramec, Ohio, Missouri, Des 
Moines, and Illinois rivers.

3.3 | Validating spawning locations (objective 3)

A total of 183 embryos were found and collected from the spawn-
ing location below Melvin Price Locks and Dam 26 (Figure 5); all 
embryos were collected within a single 10 m2 area approx. 170 m 
downstream from the base of the dam. No additional spawning events 
were documented with the egg collection mats during the following 
month. Seventy- two embryos successfully hatched in our laboratory 
after seven (one hatched after eight) days of incubation following 
the spawning event. A summary of growth and development of lar-
val lake sturgeon reared in our lab can be seen in Table 1. A total of 

111 embryos failed to hatch as a result of fungal suffocation. Two 
additional embryos heavily coated with fungus and one emergent fry 
larva were captured with the ichthyoplankton drift nets 5 m from the 
spawning location on 20 April. We were unsuccessful capturing drift-
ing larvae 1 rkm downstream of the spawning location. No young- of- 
year lake sturgeon have been documented during mini- trawl sampling 
efforts since 2010 in the Missouri portion of the UMR; however, 231 
Scaphirhynchus sturgeon larvae have been collected from this reach.

The genetic analysis yielded a mitochondrial sequence that 
matched lake sturgeon (Acipenser fulvescens) for positive species iden-
tification. Additionally, the majority of the samples (n = 38) scored as 
the most common haplotype were found in Missouri (Anderson et al., 
Missouri Department of Conservation, In prep).

Spawning occurred on 13 April 2015 when water temperatures 
were consistently (i.e. 7 days) at 17.8°C, following a 4°C increase the 
preceding week. Additionally, spawning occurred during an increase 
(ascending limb) of water stage and discharge that followed a dramatic 
spike (1.4 m) in the river stage the week prior to lake sturgeon spawn-
ing. The river stage and corresponding water temperatures 2 weeks 
prior to and following the spawning event is represented in Figure 6. 
The documented spawning site consisted of boulder/cobble sized rip- 
rap substrates and mean depths ranging from 0.40 to 0.69 m. Surface 
and substrate water velocities ranged from 0.23 to 0.67 and 0.05 to 
0.70 m/s respectively. Table 2 is a summary of the physical habitat 
characteristics at the spawning location.

4  | DISCUSSION

We determined that 11.3% of the lake sturgeon population in the 
Missouri reach of the Mississippi River are reproductively mature. This 
may be an overestimate, since the 1,000 mm threshold applied did not 
account for the large variability in size at maturation and dimorphic 
growth differences that occur among this species. However, a large 
proportion of the fish from this current study were measured several 
years ago, and subsequent growth has occurred that may reduce this 

F IGURE  4 Representation of movement distances exhibited by 
adult (≥1,000 mm FL) lake sturgeon A. fulvescens (N = 30) in UMR 
during each season, years 2010–2015 (error bars = 95% confident 
intervals). Asterisk: Significant differences between seasons 
(F3,119 = 5.40, p = .0016)

F IGURE  5 Photograph of location where Acipenser fulvescens 
spawning aggregation was observed below Melvin Price Locks and 
Dam 26 (West Alton, MO)
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overestimation. Additionally, these adult- size fish travel significantly 
longer distances from various locations during the spring spawning 
season, further indicating reproductive behavior. Most importantly, 
we were able to document embryos and emergent fry larvae below 
Melvin Price Locks and Dam, validating the first known spawning 
location of lake sturgeon in the mainstem Mississippi River. This evi-
dence suggests that true recovery in terms of natural reproduction 
is just beginning with this restored stock and that adult densities will 

need to continue to increase before restoration is a complete success. 
However, this insight is an exciting beginning through which much can 
be learned that will assist with other lake sturgeon recovery programs.

Although we have provided an evaluation of the lake sturgeon 
reproductive ecology in the Missouri portion of the Mississippi River, 
further investigation of successful recruitment within this reach is 
necessary to determine whether or not the population is truly self- 
sustaining. Documenting an emergent fry larva in our drift nets 
suggests that a portion of the offspring from this spawning event 
successfully hatched at the site, but lends minimal evidence to true 
recruitment success. In addition, failure to capture any larval or young- 
of- the- year lake sturgeon in survey netting may further suggest lim-
ited or failed recruitment. Recruitment of lake sturgeon needs to be 
assessed fully in order to evaluate the growth and reproductive poten-
tial of this species in the Mississippi River system. Documenting larval 
drift of Acipenser fulvescens in the Mississippi River as researchers have 
in other systems (Auer & Baker, 2002; Roseman et al., 2011) may not 
be feasible until reproductive adult populations are more established 
or until spawning sites are frequently occupied. Furthermore, the small 
proportion of adult females in the Missouri lake sturgeon stock offers 
a very short spawning season and limits the number of sites where 
spawning could potentially occur.

Public awareness and involvement has proved to be a vital com-
ponent of recovery efforts for lake sturgeon. If the observed spawning 
activity failed to be reported, documenting embryos and larvae at this 
site would not have been possible. In addition, while surveying the 

F IGURE  6 Water surface temperature at 08:00 hr; river stage 
measurements from U.S. Army Corps of Engineers gage station at 
Melvin Price Locks and Dam on the Upper Mississippi River for the 
month of April, 2015. Vertical gray bar = A. fulvescens spawning event

Stage
Days post  
hatch

Total length  
(mm) Characteristics

Embryo 0 3 Light brown- greenish black

Yolk- sac  
larvae

1–4 5–10 Continuous finfold breaking at anus, mouth 
opening appears

6–10a 12–18 Barbels and fins forming, distinct lateral line, 
spiral plug beginning to exit, yolk being 
absorbed

Larvae 14b 19–20 Yolk fully absorbed, spiral plug released

22 21–22 Shovel- shaped snout formed, dorsal fin/
heterocercal tail forming

27–30 22–27 Pectoral fin rays developing, dorsal scutes 
forming, nasal opening distinct, snout longer

37–38a 25–35 Dorsal scutes prominent, head larger

aFifty percent mortality occurred.
bFood visible in stomach.

TABLE  1 Summary of growth and 
development of larval lake sturgeon 
progeny (N = 67) hatched and reared in the 
lab. Water temperatures were kept at 
17.7 ± 0.8°C

Location
Water velocity  
(m/s)

Near- substrate water 
velocity (m/s) Depth (m) Substrate

Embryos 0.67 0.08 0.47 Boulder/cobble

Aggregation 0.63 ± 0.04 0.08 ± 0.03 0.50 ± 0.12 Boulder/cobble

Entire site 0.51 ± 0.16 0.19 ± 0.23 0.55 ± 0.11 Boulder/cobble

Values represent mean and standard deviation of measurements taken at all seven transects (Entire 
site), the three transects where lake sturgeon were observed (Aggregation), and the specific location 
where embryos were collected (Embryos).

TABLE  2 Physical habitat values at 
Melvin Price Locks and Dam 26 (West 
Alton, MO), 16 April 2015
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spawning site, multiple anglers engaged with us and reported inciden-
tal capture and release of large lake sturgeon by anglers who were 
targeting other species. Capturing lake sturgeon might interrupt their 
spawning activity since they congregate in popular angling locations 
below dams. Cooperation of the public will continue to be helpful 
for recovery efforts by minimizing anthropogenic disturbance of pro-
tected lake sturgeon in the Mississippi River.

The presence of suitable habitat conditions (i.e. large substrates, 
and moderate water velocity) below Melvin Price Locks and Dam is one 
of the reasons why lake sturgeon may have utilized this site for spawn-
ing. This location also has a large area of potential spawning habitat 
from erosion protection substrates, exceeding 60,000 m2 of rip- rap 
extending from the base of the dam to the shoreline. Additionally, 
likely the dramatic spike in the river gage and corresponding increase 
in discharge and water temperature prior to spawning attracted the 
lake sturgeon closer to the dam, providing sufficient water velocities 
and consistent temperatures to accommodate incubating embryos. 
These findings further suggest the importance of discharge and water 
temperature on lake sturgeon spawning activity, which agree with past 
studies (Auer, 1996; Bruch & Binkowski, 2002; Priegel & Wirth, 1977). 
Although water velocities were measured during embryo collection 
and not during the spawning event, we believe that the velocity read-
ings would have been similar to those exhibited during the time of 
spawning. Discharge and gage height values correspond closely within 
this highly modified river system, and a difference of only 10 cm in 
gage height occurred during spawning and embryo collection.

Melvin Price Locks and Dam has the potential to serve as a 
hotspot for future reproduction of Acipenser fulvescens in this sec-
tion of the Mississippi River due to its relative location (i.e. first major 
upstream fish migration impediment), and abundance of potentially 
usable spawning habitat. Our findings suggesting that an increase in 
discharge from a corresponding water drawdown period may have 
elicited spawning at this location and provided evidence for initiat-
ing adaptive flow management procedures from the pool above the 
dam (B. Johnson, U.S. Army Corps of Engineers St. Louis District, pers. 
comm.) potentially enhancing future spawning and recruitment (King 
et al., 2010). Similar coordinated efforts to assist lake sturgeon spawn-
ing on the Lower Fox River at the De Pere Dam is currently in place 
that consists of a 2- month minimum regulated flow period to ensure 
spawning habitat is available (R. Elliott, United States Fish and Wildlife 
Service, pers. comm.). Although areas below dams offer sufficient 
attracting flows, upstream passage of adult fish is still hindered and 
these barriers force highly migratory fish to spawn in the best available 
rather than preferred habitats.

Habitat assessments utilizing side- scan sonar and acoustic 
Doppler current profiler equipment may be helpful in determining 
the most probable locations for lake sturgeon spawning sites while 
also determining potential areas for spawning habitat enhance-
ment projects (J. Fischer, USGS, pers. comm.) if future document-
ing of additional spawning sites in the Mississippi River proves to 
be unsuccessful. Artificial spawning reefs are utilized in many other 
river systems where substantial lake sturgeon populations already 
occur, in order to increase suitable spawning habitat (Bouckaert, Auer, 

Roseman, & Boase, 2014; Dumont et al., 2011; Johnson, LaPan, Klindt, 
& Schiavone, 2006). Additionally, analyzing habitat characteristics of 
other known A. fulvescens spawning locations in various aquatic eco-
systems may provide insight into the further investigation of potential 
spawning sites in the Mississippi River and throughout North America.

Although we were able to collect embryos by hand, failure to 
obtain fertilized eggs on our collection mats could be a result of many 
factors. It is likely that only one spawning event occurred. Additionally, 
the water level in this system fluctuates dramatically, which occasion-
ally left our mats above the water surface. Since these fish spawned 
directly at the shoreline, this may present a problem for reproductive 
success of lake sturgeon in the future, should water levels decrease 
after spawning occurs.

Consistent monitoring of lake sturgeon populations within the 
Mississippi River system using standard surveying methods will bene-
fit future management efforts by helping to better understand popu-
lation demographics of these uncommon fish. Additionally, continuing 
to implant transmitters into adult fish and analyzing corresponding 
movement data will further help managers evaluate migration pat-
terns of the lake sturgeon population in the Mississippi River. As 
the Mississippi River encompasses multiple state boundaries, the 
need for stronger inter- jurisdictional management strategies for lake 
sturgeon recovery is necessary to effectively manage these highly 
migratory fish populations (Runstrom, Brummet, & Knights, 2004; D. 
Herzog, Missouri Department of Conservation, pers. comm.) since 
some states within the Mississippi River basin do not regulate har-
vest of lake sturgeon in commercial and recreational sectors (Missouri 
Department of Conservation, 1992). Inter- jurisdictional cooperation 
has proved to be a crucial component of A. fulvescens management 
efforts in the Great Lakes and their connecting waters (Thomas & 
Haas, 2002).

Successfully documenting natural reproduction of lake sturgeon 
requires that the fish within the Mississippi River are behaving in a 
natural way. The stock structure of supplemented fisheries can be 
affected through focused propagation efforts, creating stocks that do 
not behave the same as naturally spawned stocks. However, the fact 
that these hatchery- produced fish from a potential non- Mississippi 
River lake sturgeon strain are now spawning successfully below the 
Melvin Price Dam in Missouri, speaks aloud to the adaptability of 
the species and should not be dismissed. The first rule in supplement-
ing fish populations is “do no harm” (George et al., 2009). Therefore, 
conserving and enhancing genetic diversity of lake sturgeon in re- 
introduced populations is essential to preserving present and future 
native stocks. Streamside rearing propagation techniques rear nat-
urally produced progeny (e.g. embryos and larvae) within their natal 
environment, increasing the likelihood of these migratory species 
returning to their original locale, subsequently enhancing the genetic 
diversity of remnant populations (Holtgren, Ogren, Paquet, & Fajfer, 
2007; LRBOI, 2008). Therefore, if any environmental selection is 
occurring, it will occur in a natural stream rather than in an unnatu-
ral hatchery. Although streamside rearing will not guarantee imprint-
ing or a specific spawning migration behavior by adults stocked from 
such a facility, alternative pathways for enhancing and ensuring a 
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self- sustaining population of lake sturgeon in the Mississippi River in 
Missouri may be beneficial.

In conclusion, evaluating recruitment, improving inter- agency 
collaboration, continuing population monitoring, updating propaga-
tion strategies, and using a more extensive genetic plan will further 
enhance natural reproduction of lake sturgeon in the Mississippi River. 
Propagation efforts by the MDC have been successful producing 
major population increases since their nearly extirpated levels prior 
to the 1980s. The presence of reproductively sized individuals that 
are exhibiting spring spawning migrations in addition to document-
ing the first spawning site for lake sturgeon in the Mississippi River 
is no doubt a direct result of over three decades of recovery efforts 
carried out by the MDC. The findings from this study highlight the 
benefits of a long- term commitment to lake sturgeon management 
in Missouri, while being an example of a successful recovery plan of 
a state endangered species. Future efforts in A. fulvescens manage-
ment may someday lead to a self- sustaining population in Missouri 
that could potentially support a unique sport- fishing opportunity in 
the Mississippi River.
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