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Abstract: Impoundment and increased flood duration are some of the most common
stressors to declining forested wetlands in coastal Louisiana, USA. One type of restoration
that has shown itself to be cost-effective is spoil bank gapping. This type of hydrologic
restoration has occurred within the Lac des Allemands swamp of Barataria Basin. After
60 years of impoundment, the hydrogeomorphic processes in the study area were improved.
The study area included eight paired 625 m2 sites. Basal area growth over the 7-year period
varied between 5.93% and 14.39%, with an average of 8.31%, or just over 1% wood growth
per year. Post-restoration basal areas indicate that all our study areas are improving. Pooled
together, the 2018–2023 years had significantly higher net production than the pre-project
2017 growing season. The distribution between leaf and wood production was remarkably
similar within species types across years, with leaf production consistently exceeding
wood production, particularly due to Taxodium distichum. Canopy cover has increased by
20 percent since project construction, and as a result, herbaceous cover tends to decrease
over time.

Keywords: impoundment; hydrologic restoration; Taxodium distichum; Nyssa aquatica; cypress;
swamp; natural regeneration; conservation; wetland

1. Introduction
Most of the wetlands of coastal Louisiana, regardless of whether they are herbaceous

or forested, are in a state of degradation as a result of overlapping stressors. These include
impoundment, increased flood durations influenced by subsidence and sea-level rise,
nutrient limitation, herbivory, saltwater intrusion, and anthropogenic development. There
are over 16,000 km of canals that have been dug for drainage, navigation, and oil and gas
exploration in coastal Louisiana that have altered hydrology and influenced land loss [1].
The impoundment is by far the most common stressor of coastal Louisiana swamps, the
vast majority of which are dominated by bald cypress (Taxodium distichum (L.) Rich) and
water tupelo (Nyssa aquatica (L.)). Impoundment is a term used to refer to a wetland that has
some form of restriction to the natural hydrologic processes due to a barrier, which is often
man-made, such as levees, roadways, and spoil banks. Turner and McClenachan (2018)
mentioned the southern parishes of Louisiana have such an abundance of spoil banks that
they could cross the state 80 times from east to west [2,3]. They also found there to be about
4.6 hectares (ha) of land lost for every 1 ha of canals. The abundance of these spoil banks
and man-made canals has caused serious implications for these coastal wetlands, as they
impinge on the natural hydrogeomorphic processes [4–9]. As a result, these impounded
wetlands in coastal Louisiana can experience long durations of inundation, influencing
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stagnant water conditions and soils that are deprived of oxygen, which is essential for the
survival of all plants [4,5].

With respect to impoundment, two excellent examples in southeastern Louisiana
include the Amite River Diversion swamp and the Lac des Allemands swamp, both of
which have experienced over 60 years of permanent flooding [5,7,10,11]. The Amite River
Diversion swamp is located within the Pontchartrain Basin and the Lac des Allemands
swamp is positioned in the Barataria Basin. Both of these areas were nominated for restora-
tion by the senior author of this manuscript under Louisiana’s Coastal Wetland Planning,
Protection and Restoration Act (CWPPRA) [10–12]. The goal of this restoration was to study
how hydrologic management would affect woody growth rates, herbaceous vegetation
coverage, natural regeneration of woody seedlings, and canopy cover of the forest.

Importantly, on average, wetland restoration in coastal Louisiana costs about USD
70,000 per acre. To date, gapping projects have cost an average of USD 417 per acre [10–14].
The impoundment is one of the greatest stressors to bald cypress—water tupelo (Taxodium
distichum—Nyssa aquatica) swamps in coastal Louisiana [4–9]. Spoil bank gapping aims
to stimulate hydrologic restoration (i.e., increased sheet flow and drainage) in areas that
experience long periods of inundation with stagnant, nutrient-poor hydrology [10]. We
believe gapping would be more cost-effective than backfilling canals with spoil banks;
even if hydrologic improvements are limited to the number of gaps, we expect less erosion
from gapping and less disturbance to degraded forested wetlands [1,2,11]. Hoover and
Smith (2021) mention that some of the highest rates of aboveground live tree carbon
accumulation occur in the southeastern United States [15]. As stated above, spoil bank
gapping may be another cost-effective restoration practice that may ensure an additional
extent of sustainability to these forested wetlands.

The 970 ha Lac des Allemands swamp has been studied since the 1970s [5,16]. Since
then, researchers have found that aboveground tree production has steadily decreased
while exhibiting little to no natural woody regeneration because of permanent flooding that
prevented seed germination [4,5,16–21]. River input to the Barataria Basin, like others, has
been greatly reduced due to the leveeing of the Mississippi River [5–9], and the abundance
of channelization alongside spoil banks has resulted in less flow of water with adjacent
wetlands [5]. Because of this, soil samples are typically highly organic [13,22]. This is an
interesting note in regard to upper tidal estuary wetlands that act as blue carbon storage [23]
in the more recent importance of carbon sequestration.

This monitoring study began in the fall of 2016 with the establishment of sixteen
625 m2 stations, two of which were identical to the reference site used in the aforementioned
studies (see [5,16–21,24–28]). Herbaceous and tree productivity was monitored during
2017, which provided data prior to the gapping of spoil banks. The construction of the
gaps occurred during the winter season of 2017–2018 and was completed in February 2018
(see [10] for photographs during construction). Monitoring during 2018–2023 provided post-
construction data under a wide variety of weather conditions, including a major hurricane,
severe drought, and a year subject to considerably higher-than-average precipitation. Our
hypotheses include the following: (i) gapping of spoil banks would lead to a more natural
hydrologic regime, with greater sheet flow and drainage, (ii) net primary production would
increase, (iii) canopy cover would increase, and herbaceous cover would decrease.

2. Materials and Methods
2.1. Study Site

As mentioned by Shaffer et al. (2021) [13], restoration of the Lac des Allemands swamp
involved increasing exchange with Bayou Chevreuil by creating eight 30 m × 122 m gaps
through the spoil bank (Figures 1 and 2) [10]. As mentioned above, this monitoring study
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began prior to gapping to provide data on pre-construction herbaceous and tree production.
The sixteen stations were broken down into eight replicated sites. Six of the eight sites were
located either near or halfway between gap locations to capture maximum and minimum
benefits, respectively. To ensure true replication, each site had replicated stations that were
located at least 100 m apart. In addition, a healthy reference site (Stations 1A and 1B;
Figure 1) was located on LSU Island, west of Bayou Chevreuil, which is not impounded. A
site was also located near the northern border of the Lac des Allemands swamp (Stations
8A and 8B; Figure 1), which was not expected to benefit from the addition of gaps in
Bayou Chevreuil.
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2.2. Forested Swamp Vegetation

The design of the study methods is continued from Shaffer et al. (2021). The sixteen
25 m × 25 m (625 m2) stations were sampled from 2016 to 2023. The corners, i.e., the
northeast, northwest, southeast, and southwest, were marked at each station with 3 m
tall sections of PVC pipe. The Universal Transverse Mercator (UTM) coordinates were
established using the North American Datum of 1983 (NAD 83) at the southeast (SE) corner
with a differential GPS with sub-meter accuracy. Each of these SE pipes is designed to
include three stripes for directional reference. All trees in the station with a diameter greater
than 4′′ (about 10 cm) at diameter at breast height (DBH) are tagged, with tags facing
the three-stripped SE pipe of each station. Tree tags were fastened to each tree with a
3′′ (about 7.5 cm) deck screw to allow the screw to be backed out over the course of the
20-year monitoring effort. A second screw was attached 180◦ on the backside of each tree
at the tag base level as a guide to help ensure greater accuracy while collecting annual
diameter measurements [6,7]. During the first year of monitoring efforts, a strand of bright
survey tape was fastened to each tree; every year after, a second strand was either added or
removed to increase the efficiency of finding all trees within the stations. All trees were
identified to species, and diameters were measured at 2 m height (about 6 ft) to avoid
buttress swell for all T. distichum and N. aquatica and at about 1.3 m height (4.5 ft, DBH)
for midstory species (≥4′′ diameter) [13,29]. Canopy cover was measured at each of the
four herbaceous plots with a spherical densiometer (see below). These data were collected
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between October and early December of 2016–2023. In addition, four 0.25 m2 litterfall traps
were randomly located at each station after the 2016 leaves had fallen in mid-March 2017,
with a total of 64 litterfall traps across the entire study area. Leaf litter is referred to as all
non-woody aboveground litter that includes flowers, fruits, and seeds [29,30]. Leaf litter
is collected from these traps about every 2 months or roughly monthly during periods
of high litterfall until all leaves have fallen (mid-March of the following year). Leaves
are sorted to canopy species (Nyssa aquatica, Taxodium distichum, and midstory, which is
almost exclusively Acer rubrum var. drummondii), dried, and weighed. In general, five
investigators are present on each field day, three of whom were present during all years;
these investigators carefully train new individuals to ensure consistency of measurements
is maintained.
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2.3. Herbaceous Vegetation

Four 2 m × 2 m (4 m2) herbaceous plots are located about 5 m from each corner pipe
at each station, for a total of 64 herbaceous plots across the entire study area. Herbaceous
vegetation was estimated by species in 5% increments from 2016–2023 [6,7]. Four 2 m tall
PVC pipes mark the corners of each herbaceous plot. Herbaceous plots are positioned to be
vacant of trees. The same two investigators make independent estimates of each species’
cover, then discuss their cover estimates until a consensus is reached.

2.4. Data Analysis

The diameter data were used to compute aboveground wood biomass from published
regression formulas [31–34]. Wood production was calculated as the difference in wood
biomass per year [32–34]. Wood production per tree was then summed by species category
type (bald cypress, water tupelo, and midstory) per station and then converted to total
aboveground wood production per square meter per year (g·m−2y−1).

Forest data were analyzed with the General Linear Model procedure of SYSTAT 13.0
software. For wood net primary production, a repeated measures analysis was performed;
because the trees were not true replicates and to appropriately reduce power, F-values are
reported as Hotelling–Lawley Trace Statistics. Herbaceous data were analyzed using the
non-metric multidimensional scaling procedure of Primer 7, a community analysis software.
The Bray–Curtis similarity index was used in computation of resemblance matrices.

3. Results and Discussion
3.1. Forest Structure

A total of nine woody species were present in the study area; however, Acer rubrum
var. drummondii, Nyssa aquatica, and Taxodium distichum accounted for 96.8% of the stems
present (the remainder consisted of Cephalanthus occidentalis, Fraxinus caroliniana, Fraxinus
profunda, Morella cerifera, Nyssa biflora, and Salix nigra). In 2023, all stations increased in
basal area (Figure 3) but were nearly static in stem density. Basal area growth over the
7-year period varied between 5.93% and 14.39%, with an average of 8.31%, or just over 1%
wood growth per year. A variation in dominant canopy species occurred across stations
(Figure 3). Basal areas of these three dominant species differed widely (F2,991 = 122.66,
p < 0.0001; Figure 3) and were highly inconsistent across sites (interaction F14,991 = 5.59,
p < 0.0001); while mean differences between species may not be large, our equations predict
lower biomass production from Acer rubrum var. drumondii and the less abundant other
midstory species [35]. In contrast to the results by Shaffer et al. (2021), in which basal area in
2017 differed widely between sites (F7,1032 = 8.64, p < 0.0001) and tree species (F8,1032 = 36.45,
p < 0.0001). In 2017, basal area averaged 53.03 m2/ha and ranged between 41.78 m2/ha
and 69.28 m2/ha (Figure 3), nearly twice as great as previously measured in the Maurepas
swamp [6,7]. Interestingly, each station experienced nearly equal rates of mortality and
recruitment of midstory trees every year.

Stem density in 2017 and 2023 averaged 986 per hectare and ranged between 496
and 1504 per hectare (Figure 4) and was highest at the reference site. The reference site
in this study is the same site as Conner and Day’s [16–18] “Natural” site, which was
reported to have stem densities ranging between 880 and 990 stems per hectare and was
representative of several other sites. This variation in stem density is a sign that the area
has become highly unstable over the past 50 years, with some areas degrading and others
improving in net primary production (NPP). However, the post-restoration basal areas
indicate that all areas within our study sites are now improving (Figure 3). With respect
to stem dominance, N. aquatica and T. distichum each dominated seven stations, whereas
A. rubrum var. drummondii dominated only two stations (Figure 5); it may be possible that
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these sites dominated by A. rubrum var. drummondii represent a successional trend due
to previous stressors [36]. With respect to basal area, which is a much better indicator of
biomass [24,33,35,37], N. aquatica dominated six stations, while T. distichum dominated
ten stations.
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3.2. Forest Function
3.2.1. Canopy Closure

Percent canopy closure was nearly identical for 2016 and 2017 (Figure 6) [13].
Shaffer et al. (2021) found that canopy closure in 2018 increased by about 20 percent [13],
which suggests that the experimental sites had positively responded to the hydrologic
restoration (Figure 6). Canopy cover has remained relatively consistent since (Figure 6).



Forests 2025, 16, 99 7 of 18

Forests 2025, 16, x FOR PEER REVIEW 7 of 19 
 

 

 

Figure 4. Overall stem density for Stations A (dark gray) and B (light gray) at Sites 1–8 (Figure 1) in 
2023. Figure is updated from Shaffer et al. 2021. 

 

Figure 5. Stem density for the dominant midstory species A. rubrum var. drummondii (dark gray) 
and the two dominant canopy species N. aquatica (medium gray) and T. distichum (light gray) at 
Sites 1–8, with replicated stations pooled, in 2023. Figure is updated from Shaffer et al. 2021. 

3.2. Forest Function 

3.2.1. Canopy Closure 

Percent canopy closure was nearly identical for 2016 and 2017 (Figure 6) [13]. Shaffer 
et al. (2021) found that canopy closure in 2018 increased by about 20 percent [13], which 
suggests that the experimental sites had positively responded to the hydrologic restora-
tion (Figure 6). Canopy cover has remained relatively consistent since (Figure 6).  

Figure 5. Stem density for the dominant midstory species A. rubrum var. drummondii (dark gray) and
the two dominant canopy species N. aquatica (medium gray) and T. distichum (light gray) at Sites 1–8,
with replicated stations pooled, in 2023. Figure is updated from Shaffer et al., 2021.

Forests 2025, 16, x FOR PEER REVIEW 8 of 19 
 

 

 

Figure 6. Percent canopy closure (mean ± S.E.) for 2016–2023. Bars that share letters are not statisti-
cally different according to a contrast of 2016 + 2017 vs. post-project years (F1,335 = 259.28, p < 0.0001). 
This figure is updated from Shaffer et al. 2021. 

3.2.2. Wood Net Primary Production 

Wood net primary production differed across sites (F7,313 = 16.63, p < 0.0001; Figure 7) 
and species (F2,313 = 395.16, p < 0.0001; Figure 8). According to Bonferroni-adjusted means, 
the greatest wood production was attributable to T. distichum, followed by N. aquatica, and 
the least were the midstory species. Importantly, the reference site had its highest wood 
production in 2017; this was not the case for any of the experimental sites in the study area 
(Figure 7), presumably influenced by the hydrologic restoration (i.e., increased sheet flow 
and drainage). During 2018, the majority of the sites were drained for about half of the 
growing season. Interestingly, the decreased wood productivity during 2019 compared to 
2018 was primarily attributable to T. distichum (Figure 8), presumably because the sites 
experienced far greater levels of inundation in 2019. Several of the experimental sites ex-
perienced a burst of increased wood production in 2020, which was a normal rainfall year 
(see below). In 2023, the area experienced the driest year thus far, with some sites and 
species showing considerable variation compared to 2018, the second driest year (Figures 
7 and 8). When pooled together, the 2018–2023 years had significantly higher net produc-
tion than the pre-project 2017 growing season (contrast F1,313 = 87.38, p < 0.0001). The three 
dominant species experienced variability in wood net primary production compared to 
2017 (Figure 8). 

Figure 6. Percent canopy closure (mean ± S.E.) for 2016–2023. Bars that share letters are not statistically
different according to a contrast of 2016 + 2017 vs. post-project years (F1,335 = 259.28, p < 0.0001). This
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3.2.2. Wood Net Primary Production

Wood net primary production differed across sites (F7,313 = 16.63, p < 0.0001; Figure 7)
and species (F2,313 = 395.16, p < 0.0001; Figure 8). According to Bonferroni-adjusted means,
the greatest wood production was attributable to T. distichum, followed by N. aquatica,
and the least were the midstory species. Importantly, the reference site had its highest
wood production in 2017; this was not the case for any of the experimental sites in the
study area (Figure 7), presumably influenced by the hydrologic restoration (i.e., increased
sheet flow and drainage). During 2018, the majority of the sites were drained for about
half of the growing season. Interestingly, the decreased wood productivity during 2019
compared to 2018 was primarily attributable to T. distichum (Figure 8), presumably because
the sites experienced far greater levels of inundation in 2019. Several of the experimental
sites experienced a burst of increased wood production in 2020, which was a normal
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rainfall year (see below). In 2023, the area experienced the driest year thus far, with some
sites and species showing considerable variation compared to 2018, the second driest year
(Figures 7 and 8). When pooled together, the 2018–2023 years had significantly higher net
production than the pre-project 2017 growing season (contrast F1,313 = 87.38, p < 0.0001). The
three dominant species experienced variability in wood net primary production compared
to 2017 (Figure 8).
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3.2.3. Leaf Net Primary Production

As opposed to Shaffer et al. (2021), leaf net primary production varied significantly
across sites (F7,307 = 4.21, p < 0.0001) and varied greatly over the years (F6,307 = 10.65,
p < 0.0001; Figure 9), which previously did not differ over the years. We believe litterfall
was substantially reduced in our traps due to Hurricane Zeta in 2020, as some traps had
oak litter from trees located over 200 m away. Interestingly, by far the greatest leaf litter
production occurred in 2021, in part attributable to Hurricane Ida. Although very few
interior forest trees experienced windthrow, nearly half of the branches were thrown, with
nearly complete leaf loss. As a result, in the early fall, T. distichum had a second flush of
leaves, resulting in nearly twice the leaf production than that of any other year. In general,
litterfall is a less reliable dependent variable, compared to wood production, because of
herbivory from the bald cypress leafroller (Archips goyerana) and the forest tent caterpillar
(Malacosoma disstria) on T. distichum and N. aquatica, respectively [38]; at least two of the
trips to collect leaf litter each year are subject to predation, resulting in the majority of
leaves reduced to midribs.
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drummondii. Figure is updated from Shaffer et al., 2021.

Forests 2025, 16, x FOR PEER REVIEW 10 of 19 
 

 

3.2.3. Leaf Net Primary Production 

As opposed to Shaffer et al. (2021), leaf net primary production varied significantly 
across sites (F7,307 = 4.21, p < 0.0001) and varied greatly over the years (F6,307 = 10.65, p < 
0.0001; Figure 9), which previously did not differ over the years. We believe litterfall was 
substantially reduced in our traps due to Hurricane Zeta in 2020, as some traps had oak 
litter from trees located over 200 m away. Interestingly, by far the greatest leaf litter pro-
duction occurred in 2021, in part attributable to Hurricane Ida. Although very few interior 
forest trees experienced windthrow, nearly half of the branches were thrown, with nearly 
complete leaf loss. As a result, in the early fall, T. distichum had a second flush of leaves, 
resulting in nearly twice the leaf production than that of any other year. In general, litter-
fall is a less reliable dependent variable, compared to wood production, because of her-
bivory from the bald cypress leafroller (Archips goyerana) and the forest tent caterpillar 
(Malacosoma disstria) on T. distichum and N. aquatica, respectively [38]; at least two of the 
trips to collect leaf litter each year are subject to predation, resulting in the majority of 
leaves reduced to midribs. 

In general, T. distichum produced the most leaf litter, followed by N. aquatica, with 
midstory species producing by far the least amount of litter (F2,307 = 334.05, p < 0.0001; Fig-
ure 10). 

 

Figure 9. Leaf litter production (mean ± S.E.) for each site in the Lac des Allemands swamp, includ-
ing the reference site (Site 1), during 2017 (black), 2018 (dark gray), 2019 (light gray), 2020 (stripped), 
2021 (stippled), 2022 (diamond), and 2023 (crossed). Figure is updated from Shaffer et al. 2021. 

Figure 9. Leaf litter production (mean ± S.E.) for each site in the Lac des Allemands swamp, including
the reference site (Site 1), during 2017 (black), 2018 (dark gray), 2019 (light gray), 2020 (stripped), 2021
(stippled), 2022 (diamond), and 2023 (crossed). Figure is updated from Shaffer et al., 2021.
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In general, T. distichum produced the most leaf litter, followed by N. aquatica, with
midstory species producing by far the least amount of litter (F2,307 = 334.05, p < 0.0001;
Figure 10).
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Figure 10. Leaf litter production (g·m−2 y−1 ± S.E.) during 2017 (black), 2018 (dark gray), 2019
(light gray), 2020 (stripped) 2021 (stippled), 2022 (diamond), and 2023 (crossed), in the reference and
Lac des Allemands swamp for the two canopy species (T. distichum and N. aquatica) and midstory
species (nearly all of which are contributed by A. rubrum var. drummondii). Figure is updated from
Shaffer et al., 2021.

3.2.4. Total Aboveground Primary Production

Total net primary production was acquired as the sum of wood and leaf productivi-
ties [6,7]. Compared to 2017, several of the experimental sites have experienced an increase
in total aboveground production (Figure 11) [13]. Since 2018, aboveground production
has been measured to be as high to considerably higher than that measured in the Lac
des Allemands swamp in the mid-1970s [13,31] and much greater than that measured in
the 1980s [32]. The highest aboveground production in this study is considerably higher
than that of the healthiest sites previously measured in the Maurepas swamp [6,7]. Within
species type, the distribution between leaf and wood production was similar across years
(Figure 12), with leaf production consistently exceeding wood production (F1,313 = 29.45,
p < 0.0001). During 2021, total net primary production exceeded that of all other years
(F1,313 = 47.87, p < 0.001). As described above, this increase was exclusively attributable to
T. distichum (Figure 12) due to the production of a second flush of leaves that were produced
after Hurricane Ida.
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3.2.5. Herbaceous Cover

The Chief Scientist and one Field Scientist estimated the percent cover of herbaceous
vegetation by species at all 64 herbaceous vegetation plots during fall of 2016 through
2023. The main trend is that herbaceous cover tends to decrease over time as the canopy
cover increases (Figure 13A); this is a likely response due to the reduction of photosyn-
thetically active radiation near the surface level as a result of additional shade caused
by increased canopy cover [39,40]. Years 2017 and 2018 were identical along the X-axis
(Figure 13A and Figure 14B, respectively), and both years had roughly average rainfall
(Figure 15). During the pre-project years, the reference site (stations 1A and 1B) was dom-
inated by Phanopyrum gymnocarpon (Figure 13B), but that species is no longer abundant,
which shows how species composition can vary over time. In general, the Lac des Alle-
mands project sites are dominated by Persicaria punctata and Alternanthera philoxeroides
(Figure 13B). Overall, eleven herbaceous species are persistent (Figure 13B). The trajectory
of herbaceous cover is clearly shown when the data are averaged for each year (Figure 14B).
Note that pre-restoration year 2016 and post-restoration year 2021 were nearly equally
flooded with very high water (X-axis for Figures 13 and 14), but the water was stagnant
during 2016 and experienced high throughput during 2021 (Y-axis for Figures 13 and 14).
By far, the driest year was 2023, followed by 2018.
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Figure 12. Total aboveground production across years for each species type from 2017 to 2023. Figure
is updated from Shaffer et al., 2021.

3.3. Natural Regeneration

Variable amounts of natural regeneration have occurred during each of the post-
gapping years. With suitable conditions, on average, several hundred seedlings germinate
per hectare each year. The area now has T. distichum and N. aquatica saplings about 3 m tall
and young-of-the-year seedlings only centimeters tall.

The main threats to the future sustainability of this now-recovering swamp are (1) an
estimated eustatic sea-level rise of approximately 3.4 mm per year and (2) an average
subsidence of 9 mm per year (±1 mm·y−1 S.E.) [19]. For a coastal restoration project to be
effectively sustainable in Louisiana, it must incorporate sediment deposition, such as river
diversions [28,33] and assimilation of wetlands [26,27].

3.4. Precipitation

Lower-than-average precipitation occurred in 2019 and more so in 2023 (Figure 15).
Monthly averages for the year 2021 were over 7 inches (about 17.7 cm) of precipitation
or about 2 inches (about 5 cm) greater than normal. Interestingly, total net production
was highest during the wettest year of the study, but, as mentioned above, the increased
NPP was attributable to a second flush of leaves by T. distichum, caused by Hurricane
Ida. Alternatively, these data may indicate that the swamp may, at times, be too dry for
optimal growth.

3.5. Stage

According to a nearby CRMS station, high-water events occurred during 2016, 2017,
2019, 2020, and especially 2021, while very low-water events occurred during 2018 and
especially 2023 (Figure 16). Note that water levels during 2021 were notably higher than
all other years, reflecting an average monthly rainfall of nearly 8 inches (about 20 cm;
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Figure 15). These stages depict what the most flooded sites in Lac des Allemands swamp
experienced prior to gapping [5]. The difference is that the flooding prior to gapping
was characterized by stagnant, nutrient-poor water, whereas sheet flow characterizes the
post-project years [1,5,10,13].

Forests 2025, 16, x FOR PEER REVIEW 13 of 19 
 

 

Figure 12. Total aboveground production across years for each species type from 2017 to 2023. Fig-
ure is updated from Shaffer et al. 2021. 

3.2.5. Herbaceous Cover 

The Chief Scientist and one Field Scientist estimated the percent cover of herbaceous 
vegetation by species at all 64 herbaceous vegetation plots during fall of 2016 through 
2023. The main trend is that herbaceous cover tends to decrease over time as the canopy 
cover increases (Figure 13A); this is a likely response due to the reduction of photosyn-
thetically active radiation near the surface level as a result of additional shade caused by 
increased canopy cover [39,40]. Years 2017 and 2018 were identical along the X-axis (Fig-
ure 13A and Figure 14B, respectively), and both years had roughly average rainfall (Figure 
15). During the pre-project years, the reference site (stations 1A and 1B) was dominated 
by Phanopyrum gymnocarpon (Figure 13B), but that species is no longer abundant, which 
shows how species composition can vary over time. In general, the Lac des Allemands 
project sites are dominated by Persicaria punctata and Alternanthera philoxeroides (Figure 
13B). Overall, eleven herbaceous species are persistent (Figure 13B). The trajectory of her-
baceous cover is clearly shown when the data are averaged for each year (Figure 14B). 
Note that pre-restoration year 2016 and post-restoration year 2021 were nearly equally 
flooded with very high water (X-axis for Figures 13 and 14), but the water was stagnant 
during 2016 and experienced high throughput during 2021 (Y-axis for Figures 13 and 14). 
By far, the driest year was 2023, followed by 2018. 

 
(A) 

Forests 2025, 16, x FOR PEER REVIEW 14 of 19 
 

 

 
(B) 

Figure 13. Percent cover of (A) all species and all years (bubble size represents relative total cover) 
and (B) the same ordination showing only the eleven dominant herbaceous species (Alternanthera 
philoxeroides, Bidens laevis, Crinum americanus, Cyperus virens, Diodia teres, Hydrocotyle ranunculoides, 
Phanopyrum gymnocarpon, Peltandra virginica, Persicaria punctata, Sagittaria phatyphylla, and Sacciolepis 
striata). Pie slices reflect the relative percentage covered by the individual species. Figures are up-
dated from Shaffer et al. 2021. 

 
(A) 

Figure 13. Percent cover of (A) all species and all years (bubble size represents relative total cover)
and (B) the same ordination showing only the eleven dominant herbaceous species (Alternanthera
philoxeroides, Bidens laevis, Crinum americanus, Cyperus virens, Diodia teres, Hydrocotyle ranunculoides,
Phanopyrum gymnocarpon, Peltandra virginica, Persicaria punctata, Sagittaria phatyphylla, and Sacciolepis
striata). Pie slices reflect the relative percentage covered by the individual species. Figures are updated
from Shaffer et al., 2021.
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Figure 14. (A) Ordination colored by year and (B) average percent cover of all herbaceous species 
demonstrating low-water events in 2017 and 2018 and very high flooding during 2016 (stagnant) 
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Figure 14. (A) Ordination colored by year and (B) average percent cover of all herbaceous species
demonstrating low-water events in 2017 and 2018 and very high flooding during 2016 (stagnant) and
2021 (throughput). Figures are updated from Shaffer et al., 2021.
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4. Conclusions
This study, in accordance with Shaffer et al., 2021, aimed to express potential interest in

spoil bank gapping by demonstrating a relatively cheap restoration alternative to improve
the habitat of pre-existing bald cypress—water tupelo swamps. This was achieved by
comparing growth rates and changes in herbaceous species composition and observing
the enhanced hydrologic processes (i.e., most sites are relatively drained for a fair portion
of the year, especially in low water years, as compared to the control site, Site 8). Basal
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area growth over the 7-year period varied between 5.93% and 14.39%, with an average of
8.31%, or just over 1% wood growth per year. Post-restoration basal areas indicate that all
of our study areas are improving. Pooled together, the 2018–2023 years had significantly
higher net production than the pre-project 2017 growing season. The distribution between
leaf and wood production was remarkably similar within species types across years, with
leaf production consistently exceeding wood production, particularly due to T. distichum.
Canopy cover has increased by 20 percent since project construction, and as a result,
herbaceous cover tends to decrease over time.
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