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Figure 14: Concentration of soil TP in 2013 across the EPA (Color shows the
ranges of TP ug/g in dry weight soil)

Figure 15: Concentration of soil TP in 2014 across the EPA (Color shows the
ranges of TP pg/g in dry weight soil)
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The GIS proximity analysis showed that the higher TP concentrations (>500 ug/g) tended
to occur within a distance of less than 10 km from the canal boundaries across the EPA
throughout the years. Though the proximity result for soil TP were coherent for WCAs but
in ENP where higher TP (>500 ug/g) concentrations were also found in areas about 50 km

from the discharge point throughout the study period (Figure 16).
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Figure 16: Distribution of soil TP concentrations with distance from the inflow
canal boundaries throughout the period 2004 to 2014 across the EPA
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3.2.1 Soil TP distribution in WCA1

In WCA1, soil TP was found to decrease significantly from 2004 to 2014. The
nonparametric Wilcoxon Rank Sum test showed that the mean (404 + 13 ug/g) TP
concentration in 2004 had significantly decreased (381.3 + 35.9 pg/g) in 2014 at the 95 %
confidence interval (p = 0.047) (Figure 17). The skewness of soil TP data in 2014 (1.8 +
0.6 ng/g) was higher than in 2004 (1.5 + 0.2 pg/g). The highest TP concentrations (>1000
pa/g) of soil TP were identified in the northwestern site of WCAL at distances less than 1

km from the discharge points throughout the year from 2004 to 2014 (Figure 16).
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Figure 17: Distribution of soil TP in WCA1 from 2004 to 2014. Independent
sample Kruskal-Wallis test determined the significant difference of soil TP among
the study years at 95% confidence interval (p = 0.042).
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3.2.2 Soil TP distribution in WCA2

A declining trend in mean soil TP was observed in WCA2 from 2004 (512 + 27 ug/g) to
2014 (465 + 61 pg/g) while the median soil TP increased from 2004 (396 pg/g) to 2014
(460 pg/g). According to a Wilcoxon Rank Sum test, there was no significant difference in
either the mean and median soil TP among the years from 2004 to 2014 (Figure 18). The
GIS proximity analysis showed that the highest soil TP (530 to 1200 ug/g) was prevalent

within WCA2 within 5 km from the discharge points (Figure 16).
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Figure 18: Distribution of soil TP in WCA2 from 2004 to 2014. Independent
sample Kruskal-Wallis test didn’t find the significant difference of soil TP among
the study years at 95% confidence interval (p = 0.944)
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3.2.3 Soil TP distribution in WCA3

The mean TP concentrations in soil in WCAS increased from 2004 (416 + 8 ug/g) to 2014
(489 + 32 pg/g). As observed in the other hydrologic units, the data skewness in 2014
(2.6 + .3 pg/g) was higher than 2004 (1 + 0.1 pg/g) in WCAS3. The non-parametric
Wilcoxon Rank Sum test determined the significant difference throughout the year at the
95 % confidence interval (p = 0.017) (Figure 19). The highest concentration of soil TP

(1700 pg/g) was recorded in WCA 3B at the distance about 800 meter from the L-30 canal

boundaries (Figure 16).
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Figure 19: Distribution of soil TP in WCA3 from 2004 to 2014. Independent
sample Kruskal-Wallis test determined the significant difference of soil TP among
the study years at 95% confidence interval (p = 0.017)
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3.2.4 Soil TP distribution in ENP
In ENP, the mean soil TP in 2014 (332 + 23 pg/g) was higher than in 2004 (317 + 10 pg/g),

but the non-parametric Wilcoxon Rank Sum test didn’t find any significant difference

among the study years (Figure 20).
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Figure 20: Distribution of soil TP in ENP from 2004 to 2014. Independent sample
Kruskal-Wallis test didn’t find any significant difference of soil TP among the
study year at 95% confidence interval (p = 0.580)
However, there was a significant difference observed in TP between the different soil types
occurring within ENP. In peat soil, the mean TP concentration (374.33 + 19.22 ug/g) was

higher than in marl soil (274.68 + 17.34 pg/g) from 2005 to 2014 using data from the ENP

REMAP sites (Figure 21).
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Figure 21: Distribution of TP concentration in peat and marl soil at ENP throughout
the year from 2004 to 2014. Independent sample Mann-Whitney test determined
the significant of soil TP among the study years at 95% confidence interval (p =
0.03)
Though the concentration of soil TP was higher in peat than marl, we found the opposite
results in mass soil TP per unit area between these soil types. In marl soil, there was a
significant increase in soil TP per unit area than peat soil throughout the study year in the

ENP (Table 3).

Year Soil Type |Mean TP pg/g [Mean BD g/cm3 | Mean TP g/m2
2005|Marl 297.30 0.34 8.82
2005|Peat 342.67 0.27 1.73
2013|Marl 275.69 0.45 11.75
2013(Peat 400.67 0.18 6.18
2014|Marl 242.00 0.34 7.76
2014(Peat 387.89 0.19 6.59

Table 3: Volumetric basis of mean soil TP per unit area in marl soil and peat soil in the
ENP. BD=Bulk Density.
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3.3 Seasonality analysis of surface water TP

The annual GM averaged TP in surface water was significantly higher in the wet season
(16.8 + 0.7 pg/L) than the dry season (13.9 + 0.5 pg/L) from 2004 to 2016 across the EPA.
Although a declining trend in the GM averaged TP was found in both seasons, the results
were still higher than the threshold limit (>10 pg/L) throughout the study period (Figure
23). The non-parametric Wilcoxon rank sum test determined a significant difference
between wet and dry season at 95 % confidence interval through the year from 2004 to
2016 (Figure 22). The Seasonal variability in the surface water TP was also observed across

all hydrologic units (i.e. WCAs, ENP) from 2004 to 2016.
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Figure 22: Annual GM TP concentrations in surface water in dry and wet season
across the EPA from 2004 to 2016. Independent sample Mann-Whitney test
determined the significant difference between the seasons at 95% confidence
interval
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Figure 23: Seasonal GM averaged TP in the EPA from 2004 to 2016

3.3.1 Seasonal Trend of TP concentration in WCA1

Though the average annual GM TP concentrations in water decreased in WCAL from 2004
to 2016, there was a substantial significant difference observed between dry and wet
seasons. Among all hydrologic units, the highest TP concentrations in surface water were
found in WCA1 where the annual GM TP in the dry season was recorded between 3.9 pg/L
to 192.7 ug/L. The TP concentrations in the wet season varied between 5.3 pg/L to 200.3
pa/L (Figure 24) throughout the study year. Moreover, in both dry and wet seasons, the
annual GM averaged TP in 2016 was still higher than 10 pg/L across the all sites in the
WCAL1 which exceeded the class Il water quality criterion. However the median GM TP
concentration for all stations was still below 10 pg/L meaning that there were some sites
closer to the discharge points (Figure 4) with higher TP concentrations resulting this

difference across all stations in WCAL. The nonparametric Wilcoxon Rank sum test
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showed the significance difference between seasons for the years 2004 to 2016 across the

EPA (Figure 24).
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Figure 24: Seasonal variability of annual GM TP in the WCA1 from 2004-2016.
Independent Kruskal-Wallis test found the significant difference between wet and
dry season throughout the study year at 95% confidence interval (p = 0.000)
3.3.2 Seasonal Trend of TP concentration in WCA?2
In WCAZ2, though the average annual GM averaged TP decreased from 2004 (24.6 + 4.43
Mg/L) to 2016 (10 + 0.66) pg/L, there were still 14 stations out of 34 with an annual GM
TP greater than 10 pg/L (Appendix 1). There were no significant difference found in the

water TP between the dry and wet seasons throughout the study year at 95 % confidence

interval (Figure 25).
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Figure 25: Comparison of annual GM TP for dry and wet season at WCAZ2 from
2004 to 2016. Independent sample Mann-Whitney test didn’t result any
significant difference of water TP in dry and wet season throughout the year at
95% confidence interval (p=0.532)
3.3.3 Seasonal Trend of TP concentration in WCA3
In WCAZS, there was a substantial decline found in surface water TP from 2004 to 2016 in
both seasons. The annual GM TP concentrations dropped from 77 pg/L to 16 pg/L from
2004 to 2016 (Figure 26). There were only 11 stations out of 35 which had TP
concentrations greater than 10 pg/L in both dry and wet seasons (Appendix 1). However,
there were also four more sites along the Tamiami Trail which had TP greater than 10 pg/L
in the wet seasons. The annual GM averaged TP across the WCA3 were less than 10 pg/L
in last five years except in the 2015 wet season (Appendix 1). There was a significant

difference observed between dry and wet seasons throughout the years from 2004 to 2016

at the 95 % confidence interval (Figure 26).
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Figure 26: Comparison of annual GM TP for dry and wet seasons at WCA3 from
2004 and 2016. Independent sample Mann-Whitney test didn’t find any
significant difference in water TP between the dry and wet seasons at the 95%
confidence interval (p=0.061).
3.3.4 Seasonal Trend of TP concentration in ENP
In ENP, a significant decline of TP concentrations was observed throughout the study
years. The annual GM TP decreased from 17.5 pg/L to 12.9 pg/L in 2004 to 2016.
Furthermore, there were no sites in the dry season which had TP concentrations greater
than 10 pg/L in 2016 (Figure 27). Only four canal sites near the Tamiami canal had higher
TP>10 pg/L in the 2016 wet season (Appendix 1). The annual GM averaged TP
concentrations met class 111 water quality criterion throughout the study period. The non-
parametric Mann-Whitney test didn’t result in any significant difference between dry and

wet season TP throughout the year from 2004 to 2016 at the 95 % confidence interval

(Figure 27).
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Figure 27: Comparison of annual GM TP for dry and wet season at ENP from
2004 to 2016. Independent sample Mann-Whitney test didn’t find any significant
difference of water TP in dry and wet season throughout the year at 95%
confidence interval (p=0.109)
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4. DISCUSSION

In general the concentration of TP in surface water in the EPA declined in the last two
decades most likely due to the implementation of CERP including STAs and BMPs
(Davidson et al 2017). Generally 95 percent of the TP load in surface water comes from
EAA basin to EPA via the STAs (Davidson et al. 2017). According to Davidson et al.
(2017) about 70 percent of the TP load has been reduced in the EAA basin within the last
two decades due to the implementation of the STAs and BMPs. Despite the long-term
decline in surface water TP concentrations observed across the EPA, high concentrations
of TP in surface water (10 pg/L) were still observed in 2016 at or near discharge points in
all hydrologic basins compared to down gradient marsh areas. The elevated TP observed
at the discharge points would still be expected to cause an ecosystem imbalance potentially

changing the natural vegetation communities (Gaiser et al. 2006).

The lowest TP concentration in surface water was observed in ENP as it is the southernmost
region of EPA and receives comparatively cleaner water than the WCAs. According to
Surrett et al. (2014), the northeastern canal boundaries (close to urban edge) of ENP,
particularly the L67A and L-29 canals, are major sources of elevated TP to the ENP. This
study found the highest surface water TP concentrations (above 10 pg/L) in ENP to be less
than 1 km of the Tamiami canal which feeds into the L67A and L-29 canals, thereby

supporting the findings of Surrett et al. (2014).

Our results indicated that surface water within ENP had already achieved the class I11 water
quality criterion in last few years but there was a significant impact of TP in soil. The

majority of the downstream marsh sites in ENP had TP concentrations in surface water less
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than ecological threshold with no spatial gradient resulting in a lack of significant model
fit. Others have found that the variability of P distribution and fractionation in canal and
marsh sediments in Everglades occurred primarily due to the difference in physiochemical
properties (e.g. soil organic matter, bulk densities etc.), biological environments (e.g. flora,
fauna, microorganisms etc.), and hydrologic conditions (e.g. water flows, depth etc.)
(Wang et al. 2011), which are interconnected to response of TP changes in water at EPA.

The exponential decay model used in this investigation was first developed for Everglades
soils (Childers et al. 2003), but worked well in describing TP concentrations in surface
water for a majority of transects except in ENP. In WCA2, there was no significant
decrease found in water TP in first four kilometers from the canal boundaries supported
the finding by (Childers et al. 2003) observed in Everglades soil. Childers et al. (2003)
mentioned that the soil P retention capacity was saturated within 4 km of the canal resulting
no substantial decrease in TP within this area. However, from the 4 km site, there was a
significant exponential decline found in water TP towards the interior of WCA2. The
upstream water management scheme and regional hydrology could have impacted this TP

variability in WCAZ2,

Like surface water, TP in Everglades soil has a substantial impact in ecosystem change
across the EPA. In general, nutrient enrichment and altered hydrology has an impact on
soil biogeochemical process which act as driving forces of changing environmental quality,
subsequently degrades the Everglades ecosystem (Koch and Reddy 1992; Davis 1994; Noe
et al. 2001). Also wetland soils act as an integrator of long-term environmental conditions
(e.g. water quality, hydrology etc.) and serve as important tools to access environmental

changes (DeBusk et al. 1994; Scheidt and Kella 2007). We analyzed the TP concentrations
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from 2004 to 2014 where both increasing and decreasing trends were identified in soil TP
across the EPA. As the physiography of Everglades is spatially different from north to
south, there were mixed trend found in individual hydrologic units throughout this period.
Our findings indicated that the soil TP across the EPA varied throughout the year but, in
general increased from 2004 to 2014. The variability in the TP through the years may be
attributable due to differences in sampling frequencies, for instance there were only 62 sites
sampled in 2013 whereas 954, 237, 132 sites were sampled in respectively 2004, 2005, and
2014. Also the higher outlier of soil TP present in 2004 and higher skewness in 2014 than

other years might have influenced this variability.

The significant decreasing trend in soil TP of WCAL from 2004 to 2014 found in this
investigation support the previous results of Corstanje et al. (2006), who also reported a
decrease of impacted sites in WCA1 from 1995 to 2004. Among all the WCAs, the WCA1
is unique as it is dome shaped and raised relative in the surrounding canals (Swift and
Nicolas 1987) and the water inputs to WCAL from water pump and canals. The substantial
decrease in WCA1 was possibly due to the ongoing restoration implemented mostly in

upstream basin of WCA1 (e.g. STA, BMP),

The smallest unit in the EPA is WCA 2 which receives nutrient influx from upstream canals
located in agricultural areas. The higher mean soil TP found in 2014 than in previous years
implied a higher TP accumulation in recent years. In WCA2, the mean soil TP
concentrations in 2014 were higher than the threshold limit (> 450 pg /g) beyond which
the TP enrichment alter the structural pattern (i.e. cattail incursions) of its vegetation

communities (DeBusk et al. 2001). The cattail expands at those sites less than 5 km from
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the discharge points though its connection of TP enrichment depends on other factors such
as hydrology, climate, and fire (Davis 1994). Also fire could be one of the drivers to change
the TP storage in the soil due to process such as resuspension of floc and translocation of

soil TP in both horizontal and vertical direction (Davis 1994).

Moreover, there were significant increases in soil TP found in WCA3 from 2004 to 2014.
Unlike WCAL1, there were an increasing trend determined in WCA3 where the majority of
the soils were Histosols which mainly developed in deep surface layer with high organic
matter. The significant increase of mean TP from 2004 to 2014 in WCA3 supports the
previous spatio-temporal analysis of soil TP within this area conducted by Bruland et al.
(2006). The most impacted zone of WCAS is the northern part of WCA3A, possibly due
to nutrient inputs from the Miami canal. The eastern site of WCA3B was impacted which
might associate with nutrient inputs from both L67A and L-28 canals. Moreover, continued
soil oxidation due to subsidence and fire have impact on TP enrichment at these sites
resulted the internal loading of P (Osborne et al. 2011). Both Bruland et al. (2006) and
Scheidt and Kella (2007) documented the significant soil loss in northern WCA3A and

eastern part of WCA3B in previous their studies which also supports these findings.

Our findings from both soil and water, indicated that the highest TP concentrations in
surface water and soil were prevalent at or below the distance in 1 km from discharge points
throughout the EPA. However, we identified the higher soil TP concentrations greater than
500 ug/g at the distance about 50 km downstream from the canal boundaries at coastal
Shark River Slough (SRS) FCE LTER sites close to Florida Bay which possibly influenced

by marine environment (Osborne et al. 2011) as well as extreme weather events such as
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hurricane or drought during the study period. The ENP is comparatively least impacted
unit of EPA in term of TP enrichment. Commonly peat soils tend to have higher TP
concentrations than marl soil due to high amount of organic content present in peat.
However, in volumetric basis, the marl soils appeared to be higher TP in per unit area than
the peat soils because of higher bulk density and lower organic matter. The Osborne et al.
(2011) mentioned that the oxidation rate of Everglades soil is much higher than the
accretion rate thus soil oxidation could have affected for TP enrichment in WCA3A and
ENP in 2014 than previous decade. As P enrichment is prevalent in these areas, continued
losing of peat soil has potential to increase the trends that could result the cattail expansion

(Osborne et al. 2011).

Water management strategies (human intervention), seasonality, and amount of rainfall
(natural intervention) on the marsh and upstream areas are the principal factors affecting
wetland hydrology and ultimately the role of TP alteration in a wetland system. (Smith et
al. 2001). Since the inception of CERP, significant efforts were made to control the TP
loading within the EAA basin, and this study confirmed a reduction in surface water TP
across the EPA from 2004 to 2016. However, when investigated on a seasonal basis, a
significant increasing trend in the surface water TP concentrations was observed in the wet
season across the EPA contradicting results published by Zapata et al. (2012). Generally,
the surface water flow in the wet season has higher TP concentrations than dry season
because of resuspension during the rewetting of the system (Surratt et al. 2014). The higher
surface water TP identified along the Tamiami canal (Boundary of ENP) in the wet season
which possibly by the effect of dividing the WCAS3 into two individual impoundments.

Atmospheric factors (i.e. hurricane, rainfall, and drought) may also play a role in the
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observed seasonal differences as both wet and dry deposition is a major nutrient source to

the Everglades (Reddy et al. 2005).

5. CONCLUSION

Understanding the dynamics of TP in Everglades soil and surface water is necessary in
order to monitor the effectiveness of CERP, the largest environmental restoration
initiatives approved in 2000 by US Congress. Findings from this study indicate a
significant decrease in surface water TP concentrations in EPA transects from 2008 to
2016. Despite the decrease, GM averaged TP concentrations observed in individual
hydrologic units were still higher than the threshold limit of water quality criterion. The
spatial-temporal analysis didn’t indicate a significant increase in soil TP from 2004 to 2014
across the EPA except in WCAZ. In almost all instances, the highest TP concentrations in
both water and soil were found within a 1 km distance from discharge points or canals.
Higher TP concentrations were also observed in ENP FCELTER sites close to the Florida
Bay. The seasonal GM TP concentration in surface water was higher in the wet season than
the dry season across the EPA throughout the period from 2004 to 2016. Other studies
combining TP in water and soil with climate, hydrology, soil type, and vegetation
communities are critical to elucidate the TP enrichment throughout the system.
Furthermore, TP loads depend on water flow, and combining studies of TP concentrations
with flow (Flow weighted mean) will provide a better explanation of TP accumulation
throughout the system. As the restoration efforts are ongoing, the continuous monitoring
efforts are vital in order to take management decisions that will balance human needs

abreast of maintaining healthy ecosystem functioning.
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Appendix

1. FCE LTER data repository link:
http://fcelter.fiu.edu/data/core/metadata/?datasetid=FCE121
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