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Declining Recruitment and Growth of Shovelnose Sturgeon
in the Middle Mississippi River: Implications for Conservation

SARA J. TRIPP, ROBERT E. COLOMBO, AND JAMES E. GARVEY*
Fisheries and Illinois Aquaculture Center, Department of Zoology,

Southern Illinois University, Carbondale, Illinois 62901, USA

Abstract.—To determine how populations of shovelnose

sturgeon Scaphirhynchus platorynchus are changing and may

respond to poor environmental conditions, current commercial

harvest of black-egg (sexually mature) females, and incidental

mortality of males, we require annual information about sex-

specific age structure as it relates to the recruitment of new

cohorts. We sampled shovelnose sturgeon by use of gill nets

(5-cm bar mesh) monthly during 2002–2006 in the Middle

Mississippi River between Cairo, Illinois, and St. Louis,

Missouri. We compared patterns of size and age structure over

time and projected age structure and population size into the

future. Sex ratio in 2005–2006 was 1.14:1.00 (416 males and

363 females; P ¼ 0.06), deviating from the 1:1 ratio that

occurred in 2002–2003. Annual mortality increased from 37%

in 2002–2003 to 44% by 2005–2006. Female shovelnose

sturgeon were larger than males. Across years, the population

shifted toward longer, older fish, and growth in length

declined. Recruitment declined through time (29% per year).

If these trends continue and if immigration from nonharvested

populations is limited, population density may decline by an

order of magnitude within one decade. Under current

conditions, resilience to harvest and environmental perturba-

tions is probably limited.

Of the 25 extant sturgeon species, all are character-

ized by limited adult abundance and most are

threatened (Pikitch et al. 2005). The order Acipenser-

iformes includes some of the most economically

valuable freshwater species due to their ability to

produce black caviar. The high economic value also

leaves these species susceptible to the overharvest of

females. Long-lived, late-maturing species are unable

to compensate for intense harvest; when overharvest

coincides with habitat degradation, the fishery collaps-

es (Billard and Lecointre 2001; Ludwig et al. 2002;

Secor et al. 2002). World catch of sturgeon is currently

at its lowest level in recent decades (Billard and

Lecointre 2001). With the recent collapse of the

Caspian Sea fisheries (Birstein 1993; Billard and

Lecointre 2001; Pikitch et al. 2005), fishing pressure

has shifted toward North American species, such as the

shovelnose sturgeon Scaphirhynchus platorynchus,

which is one of the few sturgeon species in the world

that can be legally harvested.

Shovelnose sturgeon may be more resilient to

harvest than other sturgeons because they are relatively

small and, until recently, were less commercially

valuable (Carlander 1954). Shovelnose sturgeon are

thought to mature at the relatively early age of 5–7

years (Helms 1974; Farbee 1979), which may enable

them to better withstand fishing pressure (Morrow et al.

1998). Although shovelnose sturgeon populations

appear to be more stable than their European and

Asian counterparts, their distribution and abundance

have declined over the last century due to habitat

alteration, water pollution, and overharvest (Bailey and

Cross 1954; Hurley and Nickum 1984; Keenlyne 1997;

Morrow et al. 1998).

Commercial fishing is currently legal in both

Missouri and Illinois and occurs in the Middle

Mississippi River (MMR), which extends from river

kilometer (rkm) 313.8 at St. Louis, Missouri, to rkm 0

at Cairo, Illinois. In 2001, commercial harvest of

shovelnose sturgeon flesh in the MMR reached a

historical maximum and was increasing exponentially

(Colombo et al. 2007a). No harvest data beyond 2001

are yet available from the resource agencies. However,

market pressure appears to be increasing, and pro-

cessed shovelnose sturgeon roe fetched US$900 per

pound as of February 2009 (based on an internet search

for caviar; www.petrossian.com). By 2000, the MMR

population appeared to be responding to harvest and

habitat alteration with low population growth and high

mortality relative to other sturgeon populations in

unharvested reaches of the Mississippi River (Jackson

2004; Killgore et al. 2007). Using data collected from

2002 and 2003, Colombo et al. (2007a) found that

adult abundance declined with increased harvest and

year-class strength also was negatively related to

harvest; both are signs of growth and recruitment

overfishing (Colombo et al. 2007a).

Continual monitoring, identification of trends, and

forecasting of responses are essential for sound

management of fisheries. We quantified age structure

of shovelnose sturgeon over a 5-year period and

assessed how recruitment and sex ratio were changing

through time. We also collected data from a commer-
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cial fisher to estimate sex-specific patterns and rates of

harvest. Presence of a stable age structure (i.e., constant

numbers of individuals in each cohort during each

year) and an unchanging sex ratio despite variable

environmental conditions would indicate some resil-

iency of the population to ongoing commercial harvest

and changing environmental conditions. Conversely,

changes in age structure, mortality, and sex ratio may

interact with harvest and environmental variation to

affect population dynamics.

Methods

The MMR extends from the mouth of the Missouri

River (rkm 313.8) at St. Louis to the confluence with

the Ohio River at Cairo (rkm 0). The MMR is free

flowing and unimpounded but is restricted to its

channel by wing dikes and revetments used to aid

navigation (Pflieger 1997). These channel-training

structures reduce natural fluvial processes that once

created variable seasonal habitats and provided neces-

sary in-channel and off-channel spawning and nursery

habitats for many species (Sheehan and Rasmussen

1999).

During spring 2004, fork lengths (FLs; mm) and sex

of shovelnose sturgeon harvested for roe or released by

a single commercial fisher were quantified on three

trips conducted within our sampling reach (rkm 309–

300; Illinois Department of Natural Resources, unpub-

lished data). Harvest rate and the mean and median of

fish caught were calculated to compare the commercial

harvest data with the length-frequency data from our

adult sampling.

We sampled shovelnose sturgeon during 2002–

2006, although our sampling protocol differed through

time. Standardized, stratified random sampling of

shovelnose sturgeon occurred during November–April

of 2002–2005; some of these data (2002–2003) are

summarized by Colombo et al. (2007a). Stationary,

bottom-set gill nets (5.08-cm bar mesh, 45 m long, 3 m

deep) were placed at randomly selected sites stratified

by habitat type (channel border, wing dike, island tip,

and side channel) in the MMR. Given that random

sampling was inefficient and size structure did not

appear to differ among habitats (Garvey et al. 2006),

we sampled monthly during February 2005 through

June 2006 at sites where catch rates were high

(hereafter, directed sampling). During each month,

six nets were set for 24 h on the seam of wing dikes at

Modoc (rkm 201–198), Chester (rkm 191–188), and

Grand Tower, Illinois (rkm 127–124). Fork length and

wet weight (nearest 0.1 g) were quantified for each

fish. During all years except 2004, the left pectoral fin

ray was removed from each fish and was later used to

determine fish age (Jackson et al. 2007). Pectoral fin

rays were dried, and three cross sections (0.64, 0.69,

and 0.74 mm) were secured to a slide using

cyanoacrylate. Cross sections were examined indepen-

dently by two readers. A pair of opaque (growth) and

translucent bands was considered an annulus (Everett

et al. 2003; Jackson et al. 2007). When readers

disagreed, they examined the cross sections together

to reach an agreement. Annual length- and age-

frequency distributions were compared across years;

mean and mode were calculated for each year.

During each month in 2005–2006, the first 20

shovelnose sturgeon collected at each site were

preserved on wet ice and taken back to the laboratory

for anatomical determination of sex (not possible from

external examination), maturation status (Colombo et

al. 2007b), and weight (g wet mass). Means and

medians were identified for both sexes. Mean lengths

of males and females were compared among years

using a one-way analysis of variance (ANOVA). A

Kolmogorov–Smirnov (KS) test was used to compare

length distributions between sexes. Chi-square analysis

was used to determine whether the sex ratio deviated

from 1:1. For all tests, the significance level was 0.10.

Growth curves in length for the population and sex-

specific growth curves during 2002, 2003, 2005, and

2006 were calculated using von Bertalanffy models in

Fishery Analysis and Simulation Tools software

(Slipke and Maceina 2000). Differences in sex-specific

growth curves were evaluated using the residual sum-

of-squares method (Chen et al. 1992).

A catch curve analysis for fish at the declining

portion of the log-transformed curve was used to

quantify mortality rates for males and females (Ricker

1975). A weighted linear regression of log-transformed

data was used to reduce any bias that may have

occurred due to reduced relative abundance of older

individuals in the population (Slipke and Maceina

2000). The declining slope of this regression equation

represented the instantaneous mortality for the popu-

lation and sex-specific mortality rates. Sex-specific

catch curve slopes were tested for homogeneity (test

for interaction in analysis of covariance) to determine

whether mortality differed among sexes and years.

Adult shovelnose sturgeon appeared to fully recruit

to our sampling gear by age 8. We regressed log
e

transformed relative abundance of this age-class

against each year to estimate the percent decline in

recruitment during 2002–2006 (i.e., from the slope of

the linear regression). From this, we used our estimate

of annual mortality, the relative proportion of fish in

each age-class in 2006, and our estimate of declining

recruitment (i.e., percent decline per year) to predict

how population age structure might change in the

future. In addition, we used a population estimate of
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adult shovelnose sturgeon in the MMR (160,000 fish;

Garvey et al. 2006) to determine how the density of the

population might change as recruitment declined,

assuming no immigration.

Results

All of the 557 shovelnose sturgeon captured by the

commercial fisher in 2004 were checked for eggs; 25%
of these fish were harvested for eggs. Fish without

black eggs were released. Mean (6SD) size of fish

harvested was 653 6 49 mm FL (median ¼ 654 mm

FL).

The mean FL of shovelnose sturgeon differed among

years; the FL in 2002 was smaller than those in all

other years, and the FL in 2004 was lower than those in

2005–2006 (ANOVA: F ¼ 10.13; df ¼ 4, 4,306; P ,

0.0001). Mean (6SD) FLs were as follows: 587 6 69

mm in 2002 (n ¼ 355; median ¼ 591 mm), 609 6 70

mm in 2003 (n ¼ 786; median ¼ 616 mm), 602 6 69

mm in 2004 (n¼ 1,384; median¼ 614 mm), 610 6 64

mm in 2005 (n¼ 993; median¼ 616 mm), and 612 6

67 mm during directed sampling in 2005–2006 (n ¼
1,384; median ¼ 621 mm). The length-frequency

distributions of shovelnose sturgeon collected during

2002–2006 shifted in median and mean FL toward

larger fish, and the distribution transformed from

normally distributed to negatively skewed and truncat-

ed beyond 600 mm.

During 2005 and 2006, 792 shovelnose sturgeon

were subsampled to determine sex. The subsample

consisted of 415 males, 363 females, and 14 fish that

were either intersexual or unidentifiable. This mal-

e : female sex ratio of 1.14:1.00 deviated from 1:1 (v2¼
3.48, df ¼ 1, P ¼ 0.06). The mean (6SD) FL and

weight of females captured during 2005–2006 were

615 6 76 mm and 998 6 171 g, respectively. Male

shovelnose sturgeon had a mean FL of 609 6 60 mm

and a mean mass of 936 6 305 g. Length-frequency

distributions differed between sexes (KS test statistic¼
0.06, df¼ 769, P¼ 0.02): females had a greater mean

FL and a more truncated distribution than males.

Age distributions changed during 2002, 2003, 2005,

and 2006. Bias (i.e., indicated by a slope different than

1.0) was not apparent in our age estimates according to

an age bias plot between readers. Age-frequency

distributions shifted toward older fish; mean age was

7.6 years in 2002 and 11.3 years in 2006 (Figure 1).

The age-frequency distributions also changed from

positively skewed to normal (Figure 1). The rightward

shift in age-frequency distributions was not driven by

specific cohorts growing through time (Figure 1);

rather, fundamental changes in the distribution (i.e.,

declining number of recruits) appeared to be occurring.

Age of female shovelnose sturgeon ranged between

4 and 22 years (mean 6 SD¼ 11.2 6 3.0 years), while

that of males ranged between 3 and 19 years (mean 6

SD ¼ 10.9 6 2.7 years). Females became sexually

mature at 9–12 years (age at first maturation¼9 years),

and males matured at 8–10 years (age at first

maturation¼ 8 years; Figure 2). At ages when females

became sexually mature, the males attained larger sizes

than did the females; however, after maturity was

reached, females achieved larger sizes than males of

the same age (Figure 2).

Population growth patterns differed among years and

sexes (Table 1). The population reached a larger

asymptotic length L
‘

and the von Bertalanffy growth

coefficient was greater in 2002–2003 than in 2005–

2006 (F¼6.72, df¼ 1, 27, P¼0.0016; Table 1). When

somatic growth was examined by age-class for each

year of data, a decrease in mean FL at age occurred

between 2002–2003 and 2005–2006 for all age-classes

(Figure 3). The sex-specific von Bertalanffy growth

curves differed (F ¼ 5.72; df ¼ 1, 27; P ¼ 0.0036);

males reached L
‘

at a slightly faster rate, but females

attained a larger L
‘

(Table 1).

Mortalities were estimated based on fish that were 7

and 9 years and older during stratified random

sampling in 2002 and 2003. The instantaneous

mortality rate was 0.40 in 2002 (r2 ¼ 93, df ¼ 8, P ,

0.0001; 33% annual mortality) and 0.51 in 2003 (r2¼
81, df ¼ 6, P ¼ 0.006; 40% annual mortality). For

directed sampling (2005–2006), the instantaneous

mortality rates were based on fish of age 12 and older

because younger fish were rare in the catch. The

combined instantaneous mortality rate for directed

sampling (both sexes) was 0.60 (r2 ¼ 96, df ¼ 8, P ,

0.0001; 45% annual mortality). The instantaneous

mortality rate during this time was 0.58 for females

(r2¼ 0.86, df¼ 7, P¼ 0.0005; 44.3% annual mortality)

and 0.59 for males (r2 ¼ 0.93, df ¼ 7, P , 0.0001;

44.8% annual mortality). Catch curve regressions were

tested for homogeneity of slopes but did not differ

among sexes. Instantaneous mortality rates only

differed between 2002 and the directed sampling of

2005–2006 (F ¼ 117; df ¼ 3, 13; P¼ 0.002).

The relative number of fish within the age-8 cohort

declined between 2002 and 2006 (r2¼ 0.94, df¼ 3, P
, 0.002; slope ¼ 29% annual decline). Assuming a

starting density of 160,000 shovelnose sturgeon in

2006, a 44% annual mortality rate, and a 29% annual

decline in recruitment, we predicted that the number of

fish of age 8 and older would decline to 3,200

individuals by 2016.

Discussion

The shovelnose sturgeon population appears to be

changing demographically over time in the MMR; such
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changes should not be occurring so rapidly in a long-

lived, slow-growing, late-maturing species with expect-

ed stable population structure (Winemiller and Rose

1992). Regardless of the underlying mechanisms, our

very simple analysis of these monitoring data suggests

that the resident population in the MMR is on a

declining trajectory because mortality is increasing,

FIGURE 2.—Difference in predicted fork length (FL; mm) at

each age between female and male shovelnose sturgeon in the

Middle Mississippi River; predicted FLs were derived from

von Bertalanffy growth curves (see Table 1). Median age at

maturity for males (unshaded arrow) and females (black

shaded arrow) is indicated.

FIGURE 1.—Age-frequency distributions of the shovelnose sturgeon population in the Middle Mississippi River during 2002,

2003, 2005, and 2006.

TABLE 1.—Von Bertalanffy parameters (L
‘
¼ asymptotic

length, mm; k¼growth coefficient; t
0
¼ age [years] at a length

of zero) estimated for the shovelnose sturgeon population

sampled in the Middle Mississippi River during 2002–2003

and 2005–2006, and sex-specific parameter estimates for the

2005–2006 sample.

Year Level L
‘

k t
0

n

2002–2003 Population 792.31 0.16 �1.54 283
2005–2006 Population 781.31 0.13 �1.23 726

Male only 770.78 0.14 �1.13 389
Female only 811.52 0.11 �1.99 337
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FIGURE 3.—Mean (6SE) fork length (mm) of shovelnose sturgeon from each age-class in the Middle Mississippi River during

2002, 2003, 2005, and 2006. Note that the y-axis scale differs among panels.
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recruitment is declining, and somatic growth rates are

declining. Without management intervention in the

form of reduced mortality or perhaps improved habitat,

this research supports previous analyses that the

population will decline (Colombo et al. 2007a) and

may be following the same fate as many harvested

sturgeon populations (Pikitch et al. 2005). Of course,

predicted declines could be ameliorated by other factors,

such as immigration from other populations, a reversal

of recruitment trends, and increased growth rates.

Recruitment changes that were reflected by the 8-

year-old cohorts through time may be due to increased

harvest in the MMR that began occurring in the late

1990s, when these fish were hatched (Colombo et al.

2007a). These observed changes are characteristic of

exploited fisheries experiencing a lack of spawning

activity due to removal of spawning females (see

Colombo et al. 2007a). To date, we know of only five

potential spawning areas in the MMR, and aggrega-

tions of spawning adults are probably vulnerable in

these areas (Garvey et al. 2006). Reproductive females

are probably being selectively harvested on the

purported spawning grounds during the October–May

harvest season (Bettoli et al. 2009). Further support of

the selective loss of females due to their harvest, with

negative consequences for reproduction and recruit-

ment, is reflected in the sex ratio that deviated from the

1:1 ratio observed in the MMR during 2002–2003

(Colombo et al. 2007b). We found that females became

larger on average than did males after maturation; thus,

females have a higher likelihood of being harvested by

size-selective gear in the MMR, perhaps increasing

their risk of harvest. Our estimate of 25% commercial

harvest for females with black eggs further supports the

assertion that harvest of females is intensive.

Although our estimate of sex ratio suggests differen-

tial mortality between females and males, our popula-

tion-level analysis indicates that total annual mortality is

increasing for both sexes. Harvest is probably contrib-

uting to this increase, given that the mortality rates we

quantified far exceed those of unharvested shovelnose

sturgeon populations (,10%; Quist et al. 2002; Jackson

2004; Killgore et al. 2007). Males and nonreproductive

females may be experiencing harvest mortality because

of increased incidental effects. All fish that were

collected by the commercial fisher were checked for

eggs; this involves making an incision in the body wall

to determine sex and maturity. This invasive procedure

may increase handling mortality of both sexes in the

field. The question remains whether the changing sex

ratios or population-level mortality rates from catch

curves are more sensitive in estimating changes in sex-

specific demographics of the population.

Declining population-level growth in length through

time may have been partly attributable to an unusually

dry period during 2005 and 2006, which perhaps

reduced foraging success or increased temperature-

dependent metabolic costs. Because growth affects

body size, condition, fecundity, and reproductive

success, we might expect that future recruitment will

be curtailed by these conditions. Habitat in the MMR is

probably not ideal given the many navigation-related

alterations that might produce further negative effects

on recruitment success.

A major goal of fisheries science is to conserve

available resources; in the case of sturgeon populations,

this means that recruitment must be successful and

spawning stocks must be preserved. However, if

current harvest and habitat degradation persist, spawn-

ing and recruitment success will continue to decline,

with negative consequences for population growth.

One possible strategy to conserve the shovelnose

sturgeon population is to impose conservative length

limits, as suggested by Colombo et al. (2007a), to

allow the population to withstand harvest. Limits on

length, gear, and catch can be very effective when

coupled with strict enforcement and close monitoring

(Williamson 2003), but such regulations are difficult to

enforce, particularly on such a large system, and may

not be the best option. Although specific spawning

areas have not been located in the MMR, aggregations

occur at specific locations during the spawning season.

If such areas could be protected at the appropriate

times, spawning by a majority of the mature females is

possible. Enhancement and perhaps an increase in

these spawning areas may relax the purported recruit-

ment bottleneck. A temporary ban on harvest may also

be successful as it has been for other sturgeon

populations (Pikitch et al. 2005), but the signs of

recovery may not be seen for many years. The best

management plan for shovelnose sturgeon population

recovery will probably be a combination of regulations

and restrictive harvest with strict enforcement and

monitoring. On a longer time scale, identifying whether

successful spawning is limited by habitat and responds

positively to habitat restoration will be important for

allowing populations to resist harvest and environmen-

tal perturbations.
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