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ABSTRACT: Condition indices are commonly used to assess fish population status and are well
suited for endangered species given that length and weight data collection is noninvasive. In the
Missouri River, endangered age-0 pallid sturgeon Scaphirhynchus albus are typically released
during autumn, but 2 experimental summer stockings of 53-56 or 41-42 day-old individuals oc-
curred during consecutive weeks in July 2018. Captures during subsequent field seasons pro-
vided a rare opportunity to assess condition of known-age individuals that spent most of their lives
in the wild. By the end of 2022, 115 unique pallid sturgeon were captured at age 1 or older, which
is a high capture rate (1.35 %) compared to autumn age-0 stockings. Most individuals yielded con-
dition values in the normal category with median values for both stockings near 1. Despite differ-
ent mean fork lengths at stocking (118 or 80 mm), condition values of captured individuals were
not significantly different between stockings. Additionally, the percentage of individuals in low,
normal, and robust condition were not significantly different compared to published long-term
datasets from the lower and upper Missouri River basins. We conclude that pallid sturgeon cap-
tured from these experimental stockings have fared well in the wild, which highlights the poten-
tial benefits of stocking relatively young individuals during summer. Similar experimental stock-
ings in the future would provide additional data for evaluating a potential shift in age-0 stocking
strategy.
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1. INTRODUCTION

Assessments of body condition have been broadly
utilized in fisheries management for decades (e.g. Le
Cren 1951) because this tool can provide valuable in-
formation regarding the status of a population, in-
cluding overall health as well as responses to man-
agement efforts and environmental conditions (Pope
& Kruse 2007). Condition indices have a long history
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in fish management and are still common given their
ease of use and the noninvasive collection of length
and weight information (Pope & Kruse 2007). Non-
invasive methods are particularly well suited for en-
dangered species due to the reduced mortality risk
from excessive handling and to meet potential legal
requirements (Pauli et al. 2010).

The pallid sturgeon Scaphirhynchus albus was
listed as federally endangered in 1990 (US Fish and
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Wildlife Service 1990), and recovery efforts in the
Missouri River basin, USA, have been ongoing since
the early 1990s (Randall et al. 2017). Using data from
2003-2015, Steffensen et al. (2017) observed a
decline in pallid sturgeon condition in certain areas
of the species range, especially the middle Missouri
River, which was defined as Fort Randall Dam (river
km 1416.2) to the Grand River confluence (river km
402.3). Given the potential negative effects of poor
condition on reproduction (e.g. reduced fecundity, re-
duced egg viability, reduced egg size, and longer
time between spawning events), their work prompted
increased interest in understanding the factors that
may affect pallid sturgeon condition and defining
condition categories (i.e. low, normal, and robust) for
this species using a large, long-term dataset of over
12000 individuals (Randall et al. 2017).

Having defined condition categories provides valu-
able context when making potential comparisons
(e.g. among populations or years) as well as evaluating
how particular stocking events are faring in the wild.
In the Missouri River, age-0 pallid sturgeon are typi-
cally stocked during autumn. During 2018, however,
2 unique summer stockings of relatively young age-0
pallid sturgeon (mean fork length [FL] at time of
stocking was 118 or 80 mm) occurred near Sioux City,
Iowa, during consecutive weeks in July. Earlier re-
sults from these experimental stockings provided im-
portant information regarding pallid sturgeon disper-
sal (Gemeinhardt et al. 2021) and growth (Gosch et al.
2022). For this study, we measured condition values of
captured individuals to provide important insight into
the potential success of these stockings of relatively
young fish, which had spent most of their lives
(greater than 80 %) in the Missouri River. As such, we
evaluated the condition of captured individuals from
these experimental stockings using the categories de-
veloped by Randall et al. (2017). We also made com-
parisons with lower and upper Missouri River basin
condition data from Randall et al. (2017) to provide
context regarding this unique summer stocking.

2. MATERIALS AND METHODS

During May of 2018, pallid sturgeon were propa-
gated at Gavins Point National Fish Hatchery (Yank-
ton, South Dakota, USA) using 8 crosses of wild indi-
viduals (8 males and 6 females) that were captured
from the Missouri River below Gavins Point Dam dur-
ing routine monitoring efforts (Gemeinhardt et al.
2021, Gosch et al. 2022). Progeny for the first week of
stocking (Stocking 1 hereafter) were raised for 53—

56 d and marked with a blue visual implant elastomer
(VIE) tag. Progeny for the second week of stocking
(Stocking 2) were raised for 41-42 d and marked with
a yellow VIE tag. The parental crosses for Stocking 1
were distinct from Stocking 2, and a small number of
individuals from each stocking were retained in the
hatchery for release at age 1 with a passive integrated
transponder (PIT) tag and a scute removed. Given
these factors, individuals experiencing VIE tag loss
could still be identified to Stocking 1 or Stocking 2 us-
ing genetic parentage analysis. Stocking 1 occurred
from July 9-12 with a total of 4861 fish (mean FL =
118 mm). Stocking 2 occurred from July 18-19 with a
total of 3634 fish (mean FL = 80 mm).

Field crews captured pallid sturgeon from this
experimental stocking during standard annual col-
lection efforts using trotlines and benthic otter
trawls. Before field collection, we received federal
and state sampling permits. Upon capture, all pallid
sturgeon were handled according to federal proto-
cols (US Fish and Wildlife Service 2012). Weight (g)
and FL (mm) were recorded and used to calculate an
individual's condition factor (K,). If an individual was
captured more than once, the most recent length and
weight data were used for condition calculations if
possible. Randall et al. (2017) developed a condition
equation (logj, [weight] = -5.9205 + 3.1574 x logj,
[FL]) using data from the Missouri River Recovery
Program Pallid Sturgeon Population Assessment Pro-
ject and Habitat Assessment and Monitoring Pro-
gram. Due to ‘substantial differences in size struc-
ture’ between the upper Missouri River basin (the
Missouri River above Lake Sakakawea, including the
Yellowstone River) and the lower basin (below Fort
Randall Dam), Randall et al. (2017) developed the
equation using only individuals measuring 200 to
1200 mm, which decreased bias from large upper
Missouri River basin females. They also used a statis-
tical approach to develop condition categories where
individuals with K, values =1 SD from the mean
would be considered ‘mormal’ condition, K, values
<1 SD from the mean would be considered 'low’ con-
dition and K, values >1 SD from the mean would be
considered 'robust’ condition.

Similar to Gosch et al. (2022), we restricted analy-
ses to individuals that had spent over 80 % of their
post-hatch life in the river at the time of capture to
minimize the potential hatchery effects on K,. We
divided the number of unique individuals captured
at age 1 or older by the total number released during
each stocking to determine the percentage of indi-
viduals captured at age 1 or older from both stock-
ings; then a chi-square test of homogeneity was used
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to assess potential differences between stockings.
These capture percentages represent the minimum
level of recruitment to age 1 because we are likely
only sampling a small fraction of the individuals that
survived to age 1. To compare K, values between
stockings, we constructed boxplots for each stocking
and conducted a rank sum test (due to a lack of nor-
mality). The thresholds for each condition category
(low, normal, and robust) were overlaid on the box-
plots to provide a visual comparison with the results
of Randall et al. (2017). We also calculated the per-
centage of individuals in each condition category
and used a chi-square test of homogeneity to assess
potential differences between stockings. Then we
used data from Randall et al. (2017) to compute the
percentage of individuals in each condition category
for the upper and lower Missouri River basins to pro-
vide further context regarding condition of the 2018
stockings. We only used data for the 200 to 600 mm
FL categories based on the lengths observed during
this study. Bar charts were constructed, and a chi-
square test of homogeneity was used for statistical
comparisons. To assess potential annual differences
in K, we constructed boxplots by year and a
Kruskal-Wallis non-parametric ANOVA was used for
statistical analysis.

3. RESULTS

Between April 2019 and December 2022, we cap-
tured 115 unique age-1+ pallid sturgeon, or 1.35 % of
the total released fish, from the July 2018 experimen-
tal stockings. Recaptures were rare as only 4 of these
individuals were captured twice. The percentage of
individuals captured at age 1 or older did not differ
significantly by stocking (1.17% and 1.60% of fish
captured from Stocking 1 and Stocking 2, respec-
tively; x*> = 2.8, df = 1, p = 0.09). Four of the captured
individuals did not have a weight recorded because
capture occurred when a scale was not onboard,
leaving 111 individuals for condition assessment (56
from Stocking 1 and 55 from Stocking 2). Median K,
values were near 1 for both stockings and 70 % of
individuals were in the normal category (Fig. 1).
Overall, there was considerable overlap among box
plots, and K, values were not significantly different
between stockings (Fig. 1). When comparing the per-
centages of individuals among the Randall et al.
(2017) condition categories, both stockings yielded
nearly identical percentages in the robust category,
while some disparity existed in the normal and low
categories (Fig. 2). Overall, this disparity between

164 U=1324.0
p=0.20

Condition (Kn)

.
—
I

I

I

I

|

1l
I

I

I

I

I

|

I

I

I

| &
| £
e

1.0 4 ITr—'_’ Normal
0.8 4 ? Low

°
0.6 T v

Stocking 1 Stocking 2

Stocking event

Fig. 1. Boxplots of condition by stocking event for age-0 pal-
lid sturgeon released during July of 2018 and subsequently
captured from the Missouri River. Condition formula and
categories were developed by Randall et al. (2017). Median:
horizontal line in each box; 25th and 75th percentiles repre-
sented by the box dimensions; 10th and 90th percentiles
represented by the whiskers; outliers: black dots
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Fig. 2. Percentage of pallid sturgeon by condition category
(Randall et al. 2017) from each stocking event. Number of
individuals captured provided above each bar

stockings was not statistically significant regarding
the percentage of fish found within each condition
category (Fig. 2), so the 2 stockings were pooled for
subsequent analyses.

The Randall et al. (2017) lower basin dataset
included over 3903 individuals in the 200 to 600 mm
FL categories. Compared to our pooled dataset from
Stocking 1 and Stocking 2, there was no significant
difference in the percentage of individuals distrib-
uted among condition categories (Fig. 3). The upper
basin dataset included over 5700 pallid sturgeon in
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Fig. 3. Percentage of pallid sturgeon by condition category

for the lower Missouri River basin (below Fort Randall Dam;

upper panel) and the upper Missouri River basin (above

Lake Sakakawea, including the Yellowstone River; lower

panel) from Randall et al. (2017) as well as Stocking 1 and

Stocking 2 pooled. Number of individuals captured pro-
vided above each bar
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Fig. 4. Boxplots of condition by year for Stocking 1 and

Stocking 2 pooled. Number of pallid sturgeon captured pro-

vided below each boxplot. Median: horizontal line in each

box; 25th and 75th percentiles represented by the box di-

mensions; 10th and 90th percentiles represented by the
whiskers; outliers: black dots

the 200 to 600 mm FL categories, and our pooled
dataset was not significantly different when compar-
ing the percentage of individuals distributed among
condition categories (Fig. 3).

When comparing condition among years, the high-
est median K, value was observed during 2019
(Fig. 4). However, there was still considerable over-
lap among the box plots, especially compared to
2022. Statistically, there was no significant overall
difference in K, values among years (Fig. 4).

4. DISCUSSION

The stocking of age-0 pallid sturgeon into the Mis-
souri River below Gavins Point Dam usually occurs
during autumn; however, experimental summer
stockings of younger individuals during July of 2018
yielded important insight regarding dispersal
(Gemeinhardt et al. 2021) and growth (Gosch et al.
2022) of this endangered species in the wild during
early life stages. This study builds on those previous
efforts by providing valuable context regarding post-
stocking condition as new captures from this stock-
ing effort continued in the Missouri River below
Gavins Point Dam. In general, both stockings appear
to be faring well in the wild, as most individuals had
K, values in the normal category and the median
value for both stockings were near 1. Comparisons
with long-term datasets from the lower and upper
Missouri River basins were also consistent with this
conclusion, as the percentage of individuals in each
of the Randall et al. (2017) condition categories were
similar to the percentages from this study. The simi-
larity with the upper basin dataset was particularly
informative, as pallid sturgeon condition has been a
lesser concern in this area of the river. Randall et al.
(2017) found that condition values were relatively
high in the upper basin, which may be a function of
more natural river habitat features when compared
to the lower basin habitat features (Steffensen et al.
2017). While these comparisons provide important
context regarding the condition of individuals from
both stockings, Randall et al. (2017) also highlighted
the lack of a documented, quantitative connection
between K, values and factors potentially affecting
pallid sturgeon population dynamics (e.g. a threshold
K, value needed for reproductive cycling). Future re-
search assessing potential quantitative relationships
between K, values and biologically important pro-
cesses or metrics, such as fecundity, reproductive
cycling, spawning, and mortality would provide crit-
ical insight regarding how condition affects this en-
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dangered species. This information would also be
helpful for prioritizing pallid sturgeon recovery ef-
forts in the Missouri River basin.

Assessing how pallid sturgeon condition changes
over time was also important for understanding status
and trends of these experimental stockings. For ex-
ample, variability in K|, values over time is not neces-
sarily cause for concern given that resource availabil-
ity and river conditions can be dynamic, but steadily
declining or consistently low K, values over many
years could indicate the needs of these individuals
are not being fully met in the wild. This was not the
case during this study based on our assessment of K,
values among years. Specifically, K, values were only
marginally higher in 2019 despite high water and
widespread, persistent floodplain connectivity (Gosch
et al. 2021), and there was not a significant decrease
in condition in subsequent years. Furthermore, 2022
yielded the most comparable K, values with 2019,
which provides additional support that condition
does not appear to be consistently decreasing since
stocking. This finding may be particularly relevant,
as these stocked individuals transition to piscivory.
Previous research reported that pallid sturgeon be-
gan shifting to piscivory around 600 mm FL, which
corresponded to ages 5 to 7 (Grohs et al. 2009). Fish
stocked in July of 2018 are starting to reach this po-
tential prey shift as some of the more recently cap-
tured individuals exceeded 600 mm. Gosch et al.
(2022) reported that individuals from these experi-
mental stockings appear to be growing well in the
wild relative to pallid sturgeon reared exclusively in a
hatchery, and this study provides additional support
for that finding, as some individuals have reached the
transition-to-piscivory size of 600 mm before age 5.
Being able to survive and recruit to age 1 and beyond
was an important benchmark for individuals stocked
during July of 2018 (Gosch et al. 2022), and continued
condition assessment of these individuals during and
after the transition to piscivory would be a valuable
next step for evaluating these experimental stockings
of age-0 pallid sturgeon.

Although the use of VIE tags was an important tool
for learning from this stocking, tag loss is likely to
increase going forward. Jaeger et al. (2007) reported
that VIE tag retention in hatchery-reared pallid stur-
geon was 6 to 8 yr, and it appears that tag loss may be
increasing for individuals stocked during the sum-
mer of 2018. As time from stocking increased, field
crews have noted that tags are becoming more diffi-
cult to see. Currently, there have been a total of 9
individuals from these experimental stockings that
were not identifiable by VIE tag, starting with 2 indi-

viduals captured during November of 2021 and an
additional 7 individuals captured in November—
December of 2022. While other studies have already
demonstrated the value of VIE tags for easily identi-
fying individuals from Stocking 1 and Stocking 2
(Gemeinhardt et al. 2021, Gosch et al. 2022), this
study also demonstrated the value of a secondary
method of identification (i.e. using distinct genetic
crosses coupled with PIT tag implantation and scute
removal of siblings that were stocked at age 1).

Overall, these stockings coupled with routine mon-
itoring have provided valuable information on dis-
persal (Gemeinhardt et al. 2021), growth (Gosch et al.
2022), and now condition of pallid sturgeon stocked
during the critical age-0 life stage. These stockings
have established that age-0 pallid sturgeon stocked
during summer at mean FL of 80 and 118 mm can sur-
vive well relative to other age-0 stocking events. For
example, Gosch et al. (2022) reported that 0.90 % of
this experimental stocking was captured at age 1 or
older, which was nearly 3 times the average from a
long-term age-0 pallid sturgeon stocking dataset
consisting primarily of autumn-stocked, older indi-
viduals (Steffensen et al. 2019). The additional cap-
tures documented during this study demonstrate that
a minimum of 1.35% of the individuals stocked in
July 2018 recruited to at least age 1. When comparing
the percentage of individuals captured at age 1 or
older, Stocking 2 was observationally higher than
Stocking 1 (1.60 vs. 1.17 %); however, this difference
was not significant despite the difference in mean
size at stocking of nearly 40 mm. Furthermore, the
percentage for both stockings were relatively high
compared to the long-term average capture rate of
0.34 % reported for age-0 stockings consisting prima-
rily of autumn-stocked, older individuals (Steffensen
etal. 2019).

To continue building on this work, additional ex-
perimental stockings will be important. For example,
free embryo stockings of genetically distinct 1 d post-
hatch (dph) and 5 dph individuals were implemented
during 2019 in the Missouri River below Gavins Point
Dam. These annual stockings will provide survival
information for the youngest life stages (i.e. the free
embryo drift period), which is a current knowledge
gap for pallid sturgeon population modeling efforts
(M. Colvin, US Geological Survey, pers. comm.). Rel-
ative to this study, it may take more years of monitor-
ing to evaluate these 1 and 5 dph stockings due to a
variety of potential factors including relatively higher
mortality, annual variability in survival, and fluctua-
tions in the number of free embryos stocked annually
due to variability in brood stock availability. These
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free embryo stockings efforts will also be critical for assess growth and recruitment of endangered pallid
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