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ABSTRACT

Objective: Anthropogenic modifications, such aslevee construction and other flood control structures, have decoupled Louisiana’s flood-
plains from the seasonal flood pulse, influencing aquatic food web dynamics. Many of Louisiana’s fish species rely on timing, magnitude,
and duration of the Mississippi River flood pulse to trigger key aspects of their life histories. At the Richard K. Yancey Wildlife Management
Area, 283 ha of Mississippi River floodplain are undergoing weir and culvert repair to retain water depth and improve water quality for native
Louisiana fishes, with particular focus on large nongame species, such as gars (Lepisosteidae).

Methods: Beginningin summer 2021, we conducted high-resolution imaging sonar monitoring of gar abundance, size-class distribution,
and habitat use across seasons at four sites through a latitudinal gradient of decreasing hydrologic connectivity. We tested the hypothesis
that the degree of river—floodplain connectivity, mediated by seasonal inundation levels and proximity to the Mississippi River, affects the
abundance and size-class distribution of gar in the floodplain.

Results: Our study demonstrated size-class-dependent use of floodplain habitats that was mediated by inundation level but not by the dis-
tance from the Mississippi River. Our results suggest that remaining pools of water, when disconnected from the main-stem river, are likely
to provide both nursery and refuge habitats to floodplain-associated gar.

Conclusions: Continued monitoring efforts will provide additional data to better describe the complex interactions between floodplain-
associated fishes and habitat use in relation to inundation level and hydrologic restoration efforts.
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LAY SUMMARY

Using high-resolution imaging sonar, we found that the use of floodplain habitats by the gar assemblage depends on the degree of Mississippi
River-floodplain connectivity. This connectivity influences gar abundance and size distribution, with smaller gar likely relying on low-water
habitats as nurseries and refuges.

INTRODUCTION of productivity (Mosepele et al., 2022; Ochs & Shields, 2019;

Large river—floodplain systems are comprised of a mosaic of
interconnected lowland habitats that experience differentlevels
of inundation from the lateral overflow of the main-stem river
driven by a seasonal flood pulse (Junk et al., 1989). An uncon-
strained flood pulse hydrologically links floodplain habitats
and triggers abiotic and biotic interactions (Bayley, 1995; Junk
et al., 1989; Sendek et al., 2021). Once connected, resources
from aquatic and terrestrial zones mix, supporting high levels

Oliveira et al.,2023). This connectivity further influences water
quality; fish species abundance, diversity, and distribution; and
trophic interactions (Baustian et al., 2019; Burdis et al., 2020;
Jenneyetal,, 2022; Lindholm et al., 2007; McCoy et al., 2020;
Mitsch et al., 2008).

Outside of the seasonal flood pulse, a floodplain maintains
ecological importance for aquatic and terrestrial fauna even at
low water levels (Bindduc et al., 2021; Naus & Adam, 2018).
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Receding floodwaters create isolated water bodies that may
become disconnected from other water bodies on the flood-
plain and from the main-stem channel. Within these isolated
water bodies, phytoplankton production is supported through
increasing nutrient concentrations (Junk et al., 1989; Thomaz
etal.,,2007), which in turn helps to sustain upper trophic levels
(Bayley, 1995). Aquatic fauna, such as fish, may use the remain-
ing water bodies to persist between periods of floodplain inun-
dation (Magoulick & Kobza, 2003). Assemblage composition
(Arthington et al., 2005; Lorenzon et al., 2020) and size-class-
specific habitat preferences (Richard et al., 2018) have also been
documented, emphasizing the nuanced interactions between
ecological communities and floodplain hydrology.

Large river—floodplain ecosystems, such as the lower
Mississippi River basin (LMRB), are ecologically and eco-
nomically important but have been heavily altered by anthro-
pogenic modifications to control flooding (Eggleton et al.,
2016). These modifications have drastically reduced the size of
the historic LMRB floodplain from 10.1 million ha to less than
8% of its original size (Schramm & Ickes, 2016). In Louisiana,
the construction of levees and other water control structures
along much of the Mississippi River has disconnected flood-
plain habitats from the main-stem river and changed seasonal
hydrology so that floodplain inundation only occurs during
high precipitation events (Nelson et al., 2002). The irregular
inundation of disconnected floodplains may have negative
impacts on organisms with life histories adapted to high water
in the spring and low water in the fall (Alford & Walker, 2013;
King et al., 2009; Lytle & Poff, 2004), the typical hydrology of
the Mississippi River (Eggleton et al., 2016; Kemp et al., 2014;
Luo & Criss, 2018).

Gar species in the LMRB, which include Alligator Gar
Atractosteus spatula, Spotted Gar Lepisosteus oculatus, Longnose
Gar L. osseus, and Shortnose Gar L. platostomus, may use the
flood pulse as an environmental life history cue. Gar in the
southern United States typically leave the main-stem channel
and low-water refuges to access the newly inundated floodplain
when rising water level and increased temperature coincide
in the spring (Bonvillain et al., 2008; Buckmeier et al., 2017;
Roberts et al., 2023; Robertson et al., 2008; Smith, Buckmeire,
etal,, 2020; Smith, Daugherty, etal., 2020; Snedden etal., 1999;
Wegener et al., 2017). Rising floodwaters that inundate terres-
trial zones allow gar to exploit enhanced foraging opportunities
and access spawning habitat (Buckmeier etal.,,2013; Butleretal.,
2018; McAllister et al., 2023; Robertson et al., 2008; Smylie
etal,, 2015). These species are negatively affected by anthropo-
genic activities in the Mississippi River floodplain, such as con-
struction of levees and other water control structures that are
designed to restrict floodwaters (Allen et al., 2020; David et al.,
2018). Unsubstantiated claims of negative impacts on game
fishes relegated gar into the “rough fish” category, and manage-
ment techniques were implemented in the early to mid-1900s
to actively reduce or eliminate gar populations (Scarnecchia,
1992). These misconceptions, coupled with the drastic reduc-
tion in the size of the LMRB floodplain, led to the extirpation
of Alligator Gar from much of their native range, while other
gar species remain relatively stable (Kluender et al., 2016;
Scarnecchia, 1992; Smith, Buckmeire, et al., 2020). Perception
has shifted as new research reveals the ecological (Butler et al,,

2018; Smylie et al., 2015) and biomedical (Braasch et al., 2016)
importance of Lepisosteidae and as anglers seek opportunities
to catchlarge individuals (Bennett et al., 2015; Buckmeier et al.,
2016; Schlechte & Buckmeier, 2021).

To date, the study of gar ecology and habitat use has
been conducted using techniques that have implicit biases.
Traditional techniques, such as electrofishing and gill nets, are
often restricted to certain sizes of individuals or cannot oper-
ate effectively at various water depths (Buckmeier & Schlechte,
2009; Millar & Fryer, 1999; Ruetz et al., 2007). As such, mul-
tiple gear types and repeated efforts must be employed to cap-
ture a holistic understanding of the system, thus increasing
the amount of induced disturbance (Pritt & Frimpong, 2014).
Prior studies on gar and other species suggest that ascertain-
ing fine-scale patterns (i.e., to the level of the individual) may
remain challenging, as disturbances caused by traditional sam-
pling gears may alter typical behaviors through the capture or
removal of an individual (Benevides et al., 2019; Gilbert et al.,
2001; Richardson & Flinn, 2019). Continued development of
minimally invasive methods may have fewer biases compared
to traditional techniques and may preserve the natural behav-
iors of both the assemblages and individuals.

Innovations in observational sampling technologies, such as
imaging sonars, offer a means to study aquatic ecosystems down
to the level of the individual through video-like data recorded
in situ. Operating at high frequencies (0.7-3.0 MHz) beyond
the hearing threshold of most aquatic fauna (Narinsetal., 2013;
Velez, 2015), imaging sonars may be used to obtain quantita-
tive ecological and behavioral information without the biases
of traditional techniques and are not limited by environmen-
tal factors like turbidity (Lyon et al., 2014; Speas et al., 2004).
Recent research has established the ability of this technology
to nonintrusively monitor complex habitats and resolve behav-
ioral research gaps in highly turbid environments (for recent
reviews, see Munnelly et al., 2023; Sibley et al., 2023; and Wei
et al., 2022). Despite the now well-demonstrated performance
ofimaging sonars for studying behavioral interactions and asso-
ciations with complex habitats and low-visibility environments,
taxonomic resolution and species identification remain chal-
lenging (Munnelly etal., 2023). Identification using morpholog-
ical characteristics becomes progressively easier with increasing
body size (0.50 m and greater) and knowledge of body shape
and swimming styles that can be viewed in video-like data sets.

Here, we used advanced high-resolution imaging sonar
(Adaptive Resolution Imaging Sonar [ARIS] Explorer 3000;
Sound Metrics Corporation, Bellevue, Washington) to quantify
abundance and size-class distributions of native Louisiana gar
species in a floodplain of the lower Mississippi River (Richard
K. Yancey Wildlife Management Area [WMAY]). In contrast to
traditional sonars, which provide standard echolocation data,
or side-scan and forward-facing sonars, which produce lower
resolution images, ARIS imaging sonars use a greater number
of beams and can operate at frequencies exceeding 1.8 MHz,
resulting in a higher quality video-like data set. Gar, in general,
are readily identifiable in ARIS footage from an elongated, fast-
start predator body type and pronounced caudal fin swimming
style. Our objective was to test the hypothesis that the degree
of river—floodplain connectivity influences the abundance and
size-class distribution of the gar assemblage while considering
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Figure 1. Map of Louisiana, with study sites in the Richard K. Yancey Wildlife Management Area depicted (inset). Circles represent sites
that were relatively close to the point of Mississippi River inundation (near sites); squares represent sites that were relatively far from the
inundation point (far sites). The diamond represents the rock weir, which is the initial inundation point for the management area.

seasonal variation. To achieve this, we conducted imaging
sonar surveys targeting periods of high water (connected) and
low water (disconnected) across all four seasons (spring, sum-
mer, fall, and winter) at four fixed sites that retain water during
low-water periods and are located at different distances from
the point where Mississippi River water flows onto the flood-
plain. This study was conducted prior to planned hydrologic
restoration efforts at the Richard K. Yancey WMA, providing
a critical baseline for future comparisons of gar abundance and
size-class distribution in response to these efforts.

METHODS
Study site
The study was conducted at the Richard K. Yancey WMA
(Louisiana Department of Wildlife and Fisheries) near Vidalia,
Louisiana, between August 7, 2021, and January 20, 2023. The
WMA (31.18896, —91.63190) comprises approximately 28,328
ha of floodplain habitat located on the western bank of the
Mississippi River floodplain. The terrain is typically flat, with
flora consisting of mixed bottomland hardwoods. Three lakes in
the southern areas of the WMA remain inundated year-round
but are disconnected from the Mississippi River during low-
water periods and are the first habitats to become connected

to the main stem by the seasonal flood pulse. As floodwaters
rise, the lakes connect to the northern portion of the floodplain
through a series of culverts and bayous. Our study focused
on the 283 ha of the WMA designated for future hydrologic
restoration via culvert (31.12166, —91.62435; and 31.21497,
—91.63407) and weir (31.145117, —=91.626094) repair/replace-
ment to improve water quality and facilitate fish passage (Figure
1). At the time of the study, the WMA still contained a rock weir
that was slated for repair. Located in the southern bounds of
the floodplain lake nearest to the Mississippi River, the rock
weir (along with the eventual replacement) serves as the initial
point of inundation in the WMA, as natural geographic features
and historic anthropogenic modifications (e.g., levees) prevent
floodwaters from entering elsewhere.

Four sites—two located relatively near the point of Mississippi
River inundation (near sites) and two located relatively far from
the inundation point (far sites)—were haphazardly chosen as
representative floodplain habitats (e.g., areas experiencing a
moving littoral edge) across a gradient of decreasing hydrologic
connectivity (Figure 1). The qualitative designations of “near”
and “far” correspond to respective relative distances from the ini-
tial inundation point by the Mississippi River at the rock weir in
the southern portion of the WMA (Figure 1). Near sites (approxi-
mately2.75- and 3.00-km straight-line distances to the rock weir)
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Figure 2. Hydrograph representing the timeline of sampling from August 7, 2021, to January 20, 2023. Approximate levels of inundation
experienced at the Richard K. Yancey Wildlife Management Area are represented by dashed lines. Minor flood stage of the Mississippi
River is represented by the solid line. Data are from the U.S. Army Corps of Engineers (USACOE) and U.S. Geological Survey (USGS).

consistently receive more frequent inundation than the far sites
via the flood pulse beginning in early spring. Conversely, the far
sites (approximately 6.2- and 8.6-km straight-line distances to
the rock weir) require higher spring river stages to become con-
nected to the main stem compared to the near sites (Figure 2).
For the flood pulse to reach the far sites, water must over-top
natural and anthropogenic barriers between the near and far
sites. When the floodplain is dewatered, low elevation at all four
sites retains water between flood events. The 13 sampling days
were first categorized by floodplain inundation level and then by
season: connected-spring (March 2, April 9, April 29, and May
27,2022), connected-summer (June 16, 2022), disconnected-
summer (August 7, 2021; July 22 and July 30, 2022), discon-
nected—fall (October 30, 2021; September 15 and October 30,
2022), and disconnected-winter (December 18, 2022; January
10,2023). Only one connected-summer day was sampled (June
16,2022) due to rapid dewatering of the floodplain. The July 22,
2022, sampling event was abbreviated due to mechanical failure
of the sonar power source; however, one near site and one far
site were successfully sampled. “Connected” was defined as all
four sites being simultaneously inundated by Mississippi River
floodwaters. “Disconnected” refers to when all four sites were
hydrologically separated from the Mississippi River. The categor-
ical inundation levels were determined by Knox River Landing
gauge measurements (U.S. Army Corps of Engineers and U.S.
Geological Survey station 07294800; https://waterdata.usgs.gov
/monitoring-location/07294800/#parameterCode=00065&pe
riod=P7D) and from visual observations at the sites.

Data collection

An ARIS Explorer 3000 (hereafter, ARIS), operating at a
maximum of 3 MHz, was secured to a weighted polyethylene
platform (33 X33 %28 cm) and manually deployed from a sta-
tionary position within 1 m of the bank, resting on the bottom
of the floodplain. The sonar was positioned perpendicular to
the water column to minimize interference from the surface
or bottom of the floodplain. Sites were greater than the 20-m
maximum range of the ARIS; therefore, a range of approxi-
mately 8 m was selected to achieve higher resolution. The ARIS
recorded at a rate of approximately 10 frames/s with a 30° X
14° field of view. The sonar and platform were manually reposi-
tioned 90° every 20 min to increase coverage of the floodplain.
As such, each site was recorded for approximately 1 hin a near
270° view of the floodplain, excluding the area behind the sonar
that faced the bank. Sampling at each of the four sites occurred
on each sample date between sunrise (approximately 0630
hours) and sunset (approximately 1730 hours), except on July
22,2022, when only two sites were sampled due to equipment
failure. Site order was randomly determined for each sampling
prior to ARIS deployment. During each deployment and rota-
tion, organisms were given S min to acclimate before recording
was initiated.

Quantification of gar abundance and size-class distribution
Relative fish abundance (i.e., total number) was estimated
using the maximum number recorded (MaxN) method as
described by Cappo et al. (2004). Previous research has used
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Figure 3. Examples of high-resolution video data from the ARIS Explorer 3000. Dashed boxes indicate perpendicularly oriented gar that

were measured using ARIS Fish software.

the MaxN method to estimate fish abundance from data col-
lected via high-resolution imaging sonars (Becker et al., 2011,
2013; Cappo et al,, 2007; Rieucau et al., 2015). To include the
total number of fish present, we counted the total number of gar
observed in the ARIS field of view in all recorded frames (indi-
vidual gar leaving the field of view and later coming back were
counted as new individuals). All gar present in a given frame
were counted regardless of size or behavior.

Using ARISFish software (Sound Metrics Corporation), we
manually measured the total body lengths (m) of individual gar
that were oriented approximately perpendicular to the sonar
lens. This procedure minimizes error in obtaining total body
length estimates via sonar (Becker et al., 2011). The elongated,
fast-start predator body shape and the caudal fin swimmingstyle
allow gar to be readily identified in ARIS footage (Figure 3).
However, identification of gar to the species level remains a
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challenge unless the individual is greater than 0.80 m. Beyond
this size threshold, morphological features, such as the longer
snout of a Longnose Gar or the stockier body of an Alligator
Gar, are apparent. Therefore, the following gar size-classes were
used to capture generalized life stages (i.e., young of the year,
juvenile, subadult, and adult) to explain ecological function and
relevance of floodplain habitat use: 0.20-0.40 m, 0.41-0.60 m,
0.61-0.80 m, 0.81-1.00 m,and 1.01 mand greater. The number
of size-classes is different from the number oflife stages because
of size variation across species.

Statistical analysis

Observations (i.e., counts) of garin each size-class were recorded
for eachsite (near 1, near2, far 1, and far 2) and the correspond-
ing seasonal inundation level (i.e., connected-spring, discon-
nected—summer, etc.). Means and SEs were calculated while
maintaining the independence of each site to achieve greater
precision than would have been possible if sites were pooled.
For the two largest size-classes, in which species identification
was possible, counts are provided for each species identified in
lieu of statistical analyses due to low sample sizes. Pearson’s
chi-square test was used to examine whether gar detections
(i.e., counts), regardless of size-class, via imaging sonar moni-
toring differed between the floodplain connectivity variables
of seasonal inundation level and proximity to the inundation
point. This procedure was used to test the null hypothesis that
gar detections at near and far sites did not vary among seasonal
inundation levels. Multivariate techniques were used to assess
spatiotemporal patterns in abundance and size-class distri-
bution on each size-class simultaneously to minimize type I
error rates from individual univariate analyses. Data were not
transformed prior to multivariate analyses. Nonmetric multi-
dimensional scaling (NMDS) with the Bray-Curtis dissimi-
larity matrix was used to visualize dissimilarities in a reduced
dimensional space via the metaMDS function of the vegan
package in R (R Foundation for Statistical Computing; www
1-project.org), with 10,000 permutations. Five NMDS ordina-
tions were created and compared for appropriate stress values
(k<0.10). Plots grouped the samples (i.e., combinations of
date, site, and proximity to the Mississippi River) based on the
seasonal inundation level. Patterns were further analyzed using
permutational multivariate ANOVA (PERMANOVA) with
the Bray—Curtis dissimilarity matrix from the vegan package
inR, with 10,000 permutations. This procedure was used to test
the null hypothesis that there were no differences in the rela-
tive abundance and distribution of size-classes among seasonal
inundation levels, proximity to the Mississippi River, or their
interaction. Permutational pairwise comparisons were made
using the RVAideMemoire package in R, with 10,000 permu-
tations. All analyses were performed using R version 4.2.2.

RESULTS

We collected 56 h of video footage from August 7, 2021, to
January 10,2023, thatincluded 273 gar observations (Table 1).
For the two largest size-classes, in which species identification
based on morphological characteristics was reliable, 21 gar
were observed, with 17 identified as Longnose Gar and four
identified as Alligator Gar. During disconnected—summer,

Table 1. Maximum number of gar recorded (n gar) and average
(£SE) number of gar by size-class from four sites on the Richard
K. Yancy Wildlife Management Area, Louisiana, with respect to
seasonal inundation level and proximity to the point of Mississippi
River inundation (near sites or far sites). Means and SEs were
calculated without combining sites, thus maintaining distinctions
based on site location and seasonal inundation level.

Near sites Far sites
Inundation-season and n  Averagen n  Averagen
gar size-class (m) gar gar+SE gar gar+SE
Connected-spring
0.20-0.40 2 025+0.16 6 0.75+0.53
0.41-0.60 1 0.13+0.13 10 1.25+0.73
0.61-0.80 S  0.63+0.18 S 0.63+0.26
0.81-1.00 0 0 3 0.38+0.26
>1.01 0 0 2 025+0.25
Connected-summer
0.20-0.40 9 4.50+4.50 7 3.50+0.50
0.41-0.60 7 3.50+2.50 3 1.50+1.50
0.61-0.80 1 0.50+0.50 1 0.50+0.50
0.81-1.00 1 0.50+0.50 0 0
>1.01 0 0 0 0
Disconnected—summer
0.20-0.40 16 3.20+1.74 8 1.60+0.60
0.41-0.60 32 64+2.18 9 1.8+0.86
0.61-0.80 42 8.40+2.89 8 1.60+0.40
0.81-1.00 12 2.40+1.03 0 0
>1.01 0 0 1 020+0.20
Disconnected—fall
0.20-0.40 1 0.17+0.17 7 1.67+0.48
0.41-0.60 12 2.00+0.68 15 2.50+0.67
0.61-0.80 1S 2.50+1.26 6 1.00+0.45
0.81-1.00 1 0.17+0.17 1 0.17+0.17
>1.01 0 0 0 0
Disconnected—winter
0.20-0.40 0 0 0 0
0.41-0.60 8 2.00+1.68 6 1.50+1.19
0.61-0.80 4  1.00+0.71 6 1.50+0.87
0.81-1.00 0 0 0 0
>1.01 0 0 0 0

eight Longnose Gar and four Alligator Gar were detected at
near sites and one Longnose Gar was detected at a far site.
During disconnected-fall, two Longnose Gar were observed at
both near and far sites. Five Longnose Gar were observed at far
sites only during connected-spring, and one Longnose Gar was
found during disconnected-summer. No Longnose Gar in the
two largest size-classes were detected during disconnected-
winter. In addition, Alligator Gar greater than 0.81 m were not
detected during connected-spring, connected—summer, dis-
connected—fall, or disconnected—winter.

The chi-square test indicated (}?>=43.32, df=4, P<0.0001)
that detections of gar (i.e., counts) via imaging sonar monitor-
ing differed between the floodplain connectivity variables of
seasonal inundation level and proximity to the Mississippi
River (Figure 4). This relationship was driven by disconnected-
summer periods at near sites, accounting for approximately
37% of all gar detections (Figure 4; Table 1). The pattern was
driven by two size-classes (0.41-0.60 and 0.61-0.80 m) that
accounted for 74 of the 102 gar detected during disconnected-
summer periods at near sites (Figure 4; Table 1). At near sites
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Figure 4. Bar plot depicting the results of the chi-square analysis
comparing seasonal inundation level and site proximity to the
initial inundation point of Mississippi (MS) River floodwaters.
The y-axis represents the counts of gar for each inundation level
and season category.

during disconnected—summer, the mean + SE number of gar in
the 0.41-0.60-m size-class was 6.4 +2.18 and the number of gar
in the 0.61-0.80-m size-class was 8.40 +2.89. Comparatively, at
far sites during disconnected—summer, the mean + SE number of
gar in the 0.41-0.60-m size-class was 1.8 +0.86 and the number
of gar in the 0.61-0.80-m size-class was 1.60+0.40 (Table 1).
Despite the greater number of detections of gar in these size-
classes at near sites during disconnected-summer, gar obser-
vations were also more sporadic and included several instances
when no gar were recorded via imaging sonar monitoring.

The NMDS revealed notable monotonic relationships among
garsize-classes and the NMDS dimensions (Figure S). Size-class
distribution of gar differed (df=4, R2=0.2S, P<0.0001), with
the PERMANOVA model suggesting that seasonal inunda-
tion level in the WMA was the only significant factor (Figure S;
Table 2). Permutational pairwise comparisons indicated that
dissimilar distributions of gar size-classes occurred between
connected-spring and disconnected-fall (P=0.039; Table 3),
likely driven by the 0.41-0.60-m and 0.61-0.80-m size-classes
due to the tendency to group closer to the disconnected-fall
sampling events in the NMDS (Figure S; Table 1). A trend was
detected between connected—spring and disconnected—sum-
mer (P=0.070; Table 3), again driven by the 0.41-0.60-m and
0.61-0.80-m size-classes and, to a lesser extent, the 0.20-0.40-
m size-class (Figure S; Table 1). Comparisons between other
seasonal inundation levels were nonsignificant (Table 3).

DISCUSSION

Our study demonstrates that the use of floodplain habitats by
the gar assemblage was affected by the degree of Mississippi
River-floodplain connectivity. We found that the seasonal
inundation level and proximity to the point of inundation by
the Mississippi River influenced gar abundance. Asrevealed by
the chi-square analysis, approximately 37% of all gar detections

occurred at near sites during disconnected—summer, sug-
gesting that gar were most abundant when the floodplain
had recently dewatered. This observation of higher relative
abundance of gar at near sites during disconnected—summer
periods was driven by more detections of the 0.41-0.60-
m and 0.61-0.80-m size-classes. However, the NMDS and
PERMANOVA suggested that the distribution of size-classes
was explained by the seasonal inundation level alone. Contrary
to the abundance results, the two most numerous size-classes
did not cluster in the same region of multidimensional space as
disconnected—summer periods, but they tended to group in the
same regions as disconnected—fall periods. A likely explanation
for this discrepancy lies in the consistency of detections during
each period. Although the 0.41-0.60-m and 0.61-0.80-m size-
classes were most numerous during disconnected—summer,
this occurred only at the near sites and included sampling days
when no gar were detected, followed by sampling days in which
detections were numerous. In contrast, during the discon-
nected-fall, these two size-classes were consistently detected
across both near and far sites, accounting for approximately
17% of all gar detections.

It could be argued that the patterns of gar abundance
observed across seasonal inundation levels were influenced by
a combination of changing gar density and movement patterns
due to fluctuating water levels. Although the volume of water
sampled during our acoustic monitoring remained the same
across inundation levels, higher water levels during connected
periods may have allowed gar to access habitats that were
outside our sonar’s field of view. In contrast, while low-water
periods may confine gar to smaller bodies of water (Bonvillain
et al., 2008), the patterns observed for the 0.41-0.60-m and
0.61-0.80-m size-classes are unlikely to reflect changes in
density or restricted movement due to concentration effects.
Even during disconnected periods, the monitored sites were
large enough for gar to move freely within habitats, suggesting
that habitat restriction could not solely explain the abundance
patterns reported in our study. Future efforts should consider
extending the imaging sonar coverage, thereby increasing the
volume of water monitored and alleviating concerns about
the field of view. Despite these limitations, observed patterns
emphasized by the 0.41-0.60-m and 0.61-0.80-m size-classes
underscore the importance oflow-water floodplain refuges that
enable gar to persist between connected inundation periods.

We anticipate that all four gar species native to Louisiana
occur within the monitored sections of the Richard K. Yancey
WMA. The four native gar species in Louisiana have been
speculated to separate in response to available habitats within
the floodplain, such as Alligator Gar and Longnose Gar being
more abundant near the river and the other species inhabit-
ing distant floodplain habitats year-round (Robertson et al.,
2008). However, other work suggests a relatively strong co-
occurrence of Longnose Gar and Shortnose Gar, mediated by
the proximity of a floodplain lake to a river and lake latitude
(Schumann et al., 2020). Occurrence patterns of Spotted Gar
are independent of the other species, given this species’ ubig-
uity in southeastern floodplains (Schumann et al., 2020). In our
study, morphological differences among the four native gar spe-
ciesin Louisiana were not easily distinguishable from the ARIS
footage unless the focal individual was greater than 0.80 m. A
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MDS2

MDS1

Seasonal Inundation Level
B Connected-Spring

@ Connected-Summer

@ Disconnected-Summer
@ Disconnected-Fall

B Disconnected-Winter

MDS3

Figure S. Nonmetric multidimensional scaling ordination (k=3; stress =0.043) of the gar size-class distribution. Spheres represent
individual sampling events grouped by the seasonal inundation level, as tested within the permutational multivariate ANOVA (R>=0.28,
P=0.0015). Sizes of spheres and size-class labels correspond to the depth of field, where larger spheres or text are more positive with
respect to the third multidimensional scaling (MDS3) axis and smaller spheres or text are more negative with respect to the MDS3 axis.
Spheres have been slightly spread to prevent overlap. Solid lines are centered at 0, 0 in the respective «, y, and z planes. Data used were
counts for each gar size-class from recorded ARIS footage of the Richard K. Yancey Wildlife Management Area. Untransformed data with
a Bray—Curtis dissimilarity matrix and 10,000 permutations were used for the analysis.

Table 2. Results of the permutational multivariate ANOVA with
seasonal inundation level as the single explanatory variable
following model parsimony. Untransformed gar abundance data
with a Bray—Curtis dissimilarity matrix and 10,000 permutations
were used for the analysis.

Sum of
Source of variation ~ df squares R? F Pr(>F)
Inundation-season S 22501 0.27828 2.5448 0.0015
Residual 33 5.8356 0.72172 - -
Total 38 8.0856 1.00000 - -

current challenge inherent to imaging sonar technology is the
limited species-level taxonomic resolution (see Munnelly et al.,
2023). To overcome this limitation, we grouped individuals
into five size-classes. Given that habitat features (i.e., floodplain
lakes and proximity to the main channel) known to drive co-
occurrence are available within the WMA, we proceed under
the assumption that all four species occurred, and we discuss
the most likely taxonomic composition of each size-class with
regard to responses to predation, foraging, and reproduction.
All four gar species in the 0.20-0.40-m size-class were
expected to be young-of-the-year/juvenile/subadult individu-
als (Kelley, 2012; Ladonski, 1998; McGrath, 2010; Smylie
et al,, 2016), with a noteworthy exception being Spotted Gar
and Shortnose Gar males, which can reach maturity in this size-
class (Smith, 2008). Gar in the 0.20-0.40-m size-class likely
remain on the floodplain year-round to access foraging oppor-
tunities, feeding on macroinvertebrate (Bonvillain & Fontenot,
2020; Snow et al., 2020) and fish prey (Robertson et al., 2008).
The gar in the 0.20-0.40-m size-class are subject to predation
pressure from American alligators Alligator mississippiensis

and piscivorous birds (Valentine et al., 1972). Disconnected-
summer and disconnected-fall samples tended to cluster in
the same region as the 0.20-0.40-m size-class, possibly due to
the difficulty in observing this size-class during connected-
spring and connected-summer. Based on previous studies,
this size-class remains in or near submerged vegetation during
high water to maximize foraging success and reduce predation
(Brinkman & Fisher, 2019; Eschelle & Riggs, 1972; McAllister
etal., 2023).

Similarly, all four gar species would be expected in the 0.41-
0.60-m and 0.61-0.80-m size-classes. Adult Spotted, Shortnose,
and Longnose gars and juvenile Alligator Gar would be in both
size-classes, with a few juvenile Longnose Gar occurring in the
0.41-0.60-m size-class (Ferrara,2001; Ladonski, 1998; McGrath,
2010; Smith, 2008; Smylie et al., 2016). Both size-classes access
inundated floodplains for foraging and spawning opportunities,
a pattern that has been observed in previous studies (Ferrara,
2001; Smylie et al., 2016). Most samples from disconnected—fall
were observed in the same region of multidimensional space as
these two size-classes, suggesting that these size-classes may
remain in the floodplain past the dewatering phase.

In the 0.81-1.00-m size-class, adult Longnose Gar and juve-
nile Alligator Gar are present, with fewer adult Spotted Gar
and Shortnose Gar expected (Felterman, 201S; Ferrara, 2001;
Johnson & Noltie, 1997; Kelley, 2012; McGrath, 2010). Any gar
in the largest size-class (>1.01 m) are expected to be adult or
juvenile Alligator Gar or adult Longnose Gar (Felterman, 2015;
Ferrara, 2001; Johnson & Noltie, 1997; Kelley, 2012). Only 8%
of our observations included the two largest size-classes: 18 gar
were observed in the 0.81-1.00-m size-class, and three individu-
alswere observedin the >1.01-m size-class. The majority of these
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Table 3. Summary of pairwise comparisons using permutational multivariate ANOVA on a Bray—Curtis distance matrix, with the false

discovery rate adjusted.

Connected— Connected— Disconnected— Disconnected—
Inundation-season spring summer summer fall
Connected-summer 0.093 - - -
Disconnected—summer 0.070 0.172 - -
Disconnected—fall 0.039 0.093 0.166 -
Disconnected—winter 0.402 0.093 0.093 0.085

observations (17 of 21 gar) were confirmed to be Longnose Gar
by a narrow, elongated snout. The remaining were confirmed
to be Alligator Gar, exhibiting stout bodies and thicker snouts.
A greater proportion of gar in the 0.81-1.00-m size-class were
observed during disconnected—summer at near sites. The three
garin the largest size-class were observed at far sites during con-
nected-spring and disconnected-summer. This supports the
idea that adult Longnose Gar and adult/juvenile Alligator Gar
traverse far into the floodplain to access formerly inaccessible
areas (Ferrara, 2001; Robertson et al., 2008; Wegener et al.,
2017). Dewatering of the floodplain has been associated with the
emigration of Longnose Gar and Alligator Gar toward deepwa-
ter habitats nearer to the main channel (Buckmeier et al., 2013;
Kluender et al., 2016). Near sites remained inundated for longer
periods and could serve as low-water habitats for larger individu-
als (Roberston et al., 2008; Wegener etal., 2017). However, given
the rapid dewatering that occurred in mid to late summer 2022,
a plausible explanation for observing these size-classes on the
floodplain atlow water is that individuals were unable to leave the
interior floodplain before the floodwaters receded below natural
and anthropogenic barriers.

Altogether, our results suggest that remaining pools of
water, when disconnected from the main-stem river, may pro-
vide both nursery and refuge habitats to floodplain-associated
gar with body lengths between 0.20 and 0.80 m. Low-water
refuge may impede the access of larger conspecifics or inter-
specific competitors, thereby releasing smaller gar from preda-
tion (Bindduc etal., 2021; Magoulick & Kobza, 2003; Richard
et al., 2018) and reducing resource competition (Correa &
Winemiller, 2014; Echelle & Riggs, 1972; Kovalenko, 2019;
Snow et al., 2020). No gar smaller than 0.20 m was detected,
but given the life histories of gar, this is not unexpected. Mature
female gar use nearshore submerged aquatic vegetation and
substrate during the flood pulse for egg deposition (Inebnit,
2009). Upon hatching, young-of-the-year gar remain attached
to vegetation for several days until they eventually become free-
swimming (Buckmeier et al., 2017; Inebnit, 2009; Mendoza
et al,, 2002). Young-of-the-year gar stay in or near submerged
aquatic vegetation to avoid predation by larger conspecifics or
other piscivorous fishes (Eschelle & Riggs, 1972; McAllister
etal., 2023). Sonar deployment tended to occur near mudflats
or mowed batture grasslands that, once inundated, are likely
unsuitable for hatching/young-of-the-year gar. Fortunately,
modern imaging sonars are now capable of detecting objects as
smallas 4 mm; therefore, targeted sampling of highly vegetated
areas during and immediately after the spawning period may
alleviate this issue in the future.

Our results demonstrate that gar abundance and size-
class distribution are influenced by floodplain connectivity,

suggesting that the planned restoration efforts in this area may
have measurable effects on the gar assemblage. Enhancing
hydrologic connectivity may provide more consistent access
to critical foraging and spawning habitats while reducing the
isolation of gar to smaller water bodies outside of the flood
pulse (Roberts et al., 2023). As restoration progresses, future
research should focus on monitoring how increased connec-
tivity impacts the gar assemblage and using imaging sonar
to monitor gar passage through the newly installed culverts.
Additionally, imaging sonar monitoring may help to validate
geospatial models, like those by Allen et al. (2020) and Meitzen
et al. (2023), that identify critical gar habitat. However, spe-
cies-level identification remains a challenge inherent to imag-
ing sonar data sets (Munnelly et al., 2023), emphasizing the
continued need for traditional direct-capture techniques (e.g.,
electrofishing, gill nets, and jug lines) to effectively identify
species and determine species-specific size-class structure
(Colvin, 2002; McInerny & Cross, 2004; Seidensticker & Ott,
1988). Future research should also explore previously difficult
questions, such as detecting individuals under 0.20 m, under-
standing trophic interactions, and observing reproductive
behaviors with minimal disturbance. We anticipate that our
study, alongside the increasing use of imaging sonar technol-
ogy, will inform and improve future management actions and
conservation strategies for gar populations.
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