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Executive Summary

T he Dovaxershewemprises hr ee maj or tri butaries, Joeods
Tiawasee Creekyith over 23 miles of streamB.6 Ol i ve Creek and Ti awasee
Lake Forestakewhi ch is only flushed intoanDbdd 6 v e Bay
Branch drains directly into DOOIlIiIive d#eamnm. Resto
bank erosion and sedimentaton as wel | as recent restoration e
TiawaseeCreekssrecommendedih he DO Ol i ve Water svered Managemen
complementedvith long-term monitoring at the project sitaaddownstream in the receiving

subbasin. This report provides summary data for water quality parangetsescolumn

chlorophylla concentration, color dissolved organic material, total sudpe solids, and

photosynthetically active radiatiomje asur ed i n Do Oyearstudypdiedy over a
funded in part by Baldwin County Coastal Impact Assistance Program-ZZ1B)andthe

Mobile Bay National Estuary Program (202818) andheinfluenceof those parametemmn

habitat suitability for submerged aquatic vegetation (SAV).

During this study, light reaching thmttomwas onlysufficientto support SAV growtlat the

Nort h Do Ol (FP10% suaaeyirradiandejdis site was thehallowest siteat
approximately m depth and consistently supported a large SAV bed dominated by
Myriophyllum spicatunfEurasian watermilfoil). The Mid site (at 1m depth) fluctuated around
the lowerirradiancethresholdputin 2018 the amount of light reaching the bottom had increased
to support SAWvith patches oRuppia maritimaseen in the area (per. obs.). Bmuthsite, the
deepest of the three at 1.3was always below the minimum light threshold and SAV was only
seen on the shallow flats to the west of the sampling location.

We foundfew significant changes in any of the water quality paramete@suredver the
study period, likely due to the high variability across seasons. While individual parameters
fluctuated substantially, the light attenuation coefficient,was similar at all sites and was
typically higher, thus light availability was reduced, duringrgpmvhen growth of SAV begins
to ramp up. In our best performing regression maagtred dissolved organic mati@DOM)
and chlorophyll concentrations were both significant predictors @f Khus,improving
upstreanwatershed management practices tatld reduce CDOM and/or chlorophgliin
D'Olive Bay would likely increase the area suitable for the growth of SAV.



Introduction

T h e D avaxershetemprises over 7,700 acres in Baldwin County, Alabama, draining into

Mo bi | e B a yOlive Bay.dhe gvaitersbeil h#tsree majotributaries Joeds Br anch,
D6OI i ve Cr eseekCreekwith dverR3 railesaf streamb.6 Ol i ve Cr eek and
Creek deposit into Lake Fordstkee whi ch is only flushed into D¢
eventswhileJ o e 6 s dBraamcsh di rectly into DO6Odaélanyge Bay.
Joebs Branch, D6OlI i ve Creek and Tiawasee Cree
Management Plan, have been completed to reduce stream bank erosionraadeseuh To

help determine trends and changes in water quality as a result of restoration activities, these

projects were complemented with letegm monitoring, not only at the project sites, but also in

the receivingsulb a s i n, D6OIive Bay.

A vital conponent of the Mobile Bay systeisithe submerged aquatic vegetation (SAV) beds
found in the shallow waters throughout the MofJinsaw Delta and coastal Alabama. Healthy
SAV habitats play a critical role in the ecological and environmental health ad\staibstal

waters by providing foodshelter and nursery habitébr a variety of ecologically and
commercially important invertebratés.g, brown shrimp and blue crahdishes €.g, red drum
spotted se&rout, and largemouth bagsandwaterfowl (e.g.the canvasback dugkThey play an
active role in maintainingoodwaterclarity andreduceturbidity by slowing water flowcausing
suspendededimentgo fall out of suspension. Subsequently, SAV roots and rhizomes hold these
sediments implace.Additionally, healthy SAVbedsdecrease wave actiorgducingshoreline
erosion.Despite its provision of many valuable ecosystem services, SAV is declining nationally
and internationally, with areal declines in states bordering the Gulf of Mextgng from 20

100% (Handley et al. 2007). In Alabama coastal wakessoricalrecords aresparsewith the
majority of records occurring within the past 20 years (see Vittor 2002, 2009, 2015). And while
there has been an increase in spatial extent d iSAecent years (Vittor 2015kemendous

losses havalsooccurred, with more than 50% S8AYV lost from Mobile Bay since 1981 (USGS
2004). Many factors, both natural and anthropogenic, contribute to SAV dectheling

tropical storms, abnormal raadf patterns, direct damage caused by poor boating practices,
dredging and coastal construction, &nel addition of wastewater and excess nutrients to coastal
waters (Orth et al. 2006). Plant communities at the receiving end of riverine systems may
experence the greatest lgss poor land management practices that increase egfade

water quality byincreasng deposition of nutrients, sedimenésd dissolved organic matter

(Moore et al. 2010).

Adequate light is critically important f@nsuring SAV healtrand significant progress has been

made in developing simple optical models that can predict with good success where SAV will
prosperThis studyexaminelSAV habitat suitability within DO
documentingta quantity of | ight reaching SAV in D06O
parameters that impact it.



Methods

Threesiteswere establishedlong thdengtho f D6 Ol i ve Bay in June 2014
funded by théBaldwin County Coastal Impact Assistance Pang (2014 2015)to developand

calibrat a habitat suitability model for tapegra¥sllisneria americangTable 1, Figure 1).

Water quality and clarity werestimatedrom the following parameters: phytoplankton

abundance measured as watelumn chloropyll a concentration (CHLA), color dissolved

organic material (CDOM), and total suspended solids (T&) photosynthetically active

radiation (PAR; umol ms?). Depth (m), salinity, temperaturéQ), anddissolvedoxygen

(mg/L) were also measured to describe the physical characteristics of eaSpeatiéic

methods for each parameter are described below.

TABLEL: GENERAL SITE COORDINATES

Site Latitude Longitude
North 30.65005 -87.91732
Mid 30.64153 -87.91928
South 30.63323 -87.92029

Google Earth

HGUREL: MAP OF SAMPLING STATIONS WITHDLIVEBAY. EACH DOT CORRESPOMWDEHA SAMPLING EVENT AT
THE THREE SITR®RTHBAY(RED DOTSMID BAY(WHITE DOTSANDSOUTHBAY (YELLOW DOTS)



Sampling occurred approximately monthly during the main growing season-fgudmber)

and btmonthly from December to March during 262@15, on neap tide to reduce variability

due to tidal cycle (incoming versus outgoing and high versus low tide), laenl @loud cover

was relatively low (i.e. mostly sunny conditions). This sampling regime was continued for an
additional three years (July 201%ctober 2018) with funding provided by the Mobile Bay

National Estuary Program (2012018) to investigate howater quality and SAV habitat
suitability in D6OlIlive Bay responded as resto
watershed.

Depth (m) was determined using a weighted line marked in 0.1m increments. Salinity
temperature®C), and dissolved oxygen (1) were collected just below the water surface and
at the at théottomusing a YSI Pro2030 handheld mefeurbidity (NTU) was measured from a
25mL water sample collected approximately midter column using a LaMotte 2020we
handheld turbidity meter.

Photosynthetically active radiation (PARasmeasuredising a pair of LICOR Biosciences
spherical quantum sensors, one which served as a reference deck sensor and one that was
lowered into the water with measurements taken just below the water surfaeeesy 0.25m
through the water colunto thebottom These values were then used to calculate light
attenuation through the&ater column. Light attenuation was expressed £&rK), the water

column light attenuationoefficient, and calculated using the Lamieerlaw:
Q= @ v

where p and | are PAR measured just the below the water surface and at depth z, respectively.
Kd was then calculated as the slope of a regression ofll) dgainst z.

Total Suspended Solid$SS)weremeasured from 1 L water samples collected at

approximately midvater columnof which a 208300 mL aliquot was filtered through a

muffled, preweighed 47 mm GF/F grade filter pdtach filter pad was placed in a labeled
aluminum cup and dried at 70° C for a minimum of 48 hours. The filter pads were reweighed to
calculae the mass of total suspended solids in a known volume of water{mgHe filter

pads were then burned in a furnace at60@r 4 hours to remove the organic constituents and
reweighed to determine the Mineral Suspended Solids (MSS;%ng L

Particubte organic matter (POM, mg*Lwas calculated as Loss on Ignition (LOI) using the
following formula, where DW is dry weight in milligrams:

v e (O 'Owso)
VUi S g ra@mm o @1 Q0

Color dissolved organic materig@@CDOM), the color in the water leached from decaying detritus
and organic matter, was measured from an aliquot of water filtered thrasigh-dilter (0.7um
nominal pore size) for TSS analysfsorbance at 440nm was measuwrsthg an Ocean Optics



UV/Vis modular spectrometer (USB2000ith a10cm path lengtlylindrical quartz cuvette.
Absorbancevas reported ahe absorption coefficientfaonm M) calculated from the equation

2.3038_

W = :
- o}
whereg_is the measured absorbance at a specific wavelength, here 440rins, #edpath

length in meters.

Phytoplankton abundance was measured as watemn chlorophyll concentratiorfug L™)
Duplicate 30 mL aliquotef water collected midvater column were filterednto a Whatman®
25-mm glass microfiber filter (GF/F). Chlorophgiwas extracted from filters using 5 mL of a
2:3 mixture of dimethyl sulfoxide (DMS0):90% acetoaad chlorophyla content (ug L) was
determined fluorometrically (Turner Designs® TIDO) using the Welschmeyer method
(Welschmeyer 1994). Due to a contamination problem with the solvent matrix that occurred
during the last year of sampling, data is only reported through January 2017.

To examire significant changes over time, annual means for all parameters were examined for
each site using Analysis of Variance (ANO)YAlowever, data collected during the winter

months (Decembédr February) were excludeds these montHall outside ofthe SAV gowing

season. The water quality parameters that influence light attenuation (TSS, CDOM, CHLA) were
also analyzed using best subset regressigorithmsto determine which parametdysstfit into

the optical model. Significant variables (p < 0.05) whentused to fit the regression model.



Results

Physical site characteristics

The average depths at the three sites were 0.71 m at the North site, 0.93 m at the &idl site
1.36 m at the South site. All three sites followed expected segsitexins in both temperature
and salinity. Temperature was similar for both surface and bottom measurements and ranged
between 10.2C in the winter to 32 in the summer (Figure 2).
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Salinity also followed a seasonal pattern with salinities around O during the spring and summer
months when rainfall is typically high. Higher salinities occurred during the late summer and fall
and were stratified with bottom salim§ often greater than surface water salinities. Surface
salinities ranged from017.10, 0.I' 16.60, and 01117.60 for the North, Midand South sites,
respectively, and bottom salinities ranged froinZD.80, 0.1-20.9Q and 0.1i 23.30 (Figure

3). Sasonal average surface and bottom salinity for each site are reported in Table 2.
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TABLE2: AVERAGE SURFACE AND BOTTOM SALINITY AT EACH SITE

Site Winter Spring Summer Fall
(Dec, Jan, Feb) (Mar, Apr, May)  (Jun, Jul, Aug) (Sept, Oct, Nov)
Surface Bottom Surface Bottom Surface Bottom Surface Bottom

North 0.62 0.94 0.11 0.12 0.69 0.74 5.13 6.58
Mid 1.12 1.26 0.13 0.13 1.16 2.05 5.83 8.51
South 1.06 1.48 0.13 0.15 1.47 2.78 7.33 12.00

Dissolved oxygen concentrati®waried depending on sampling date but was relatively similar
acrosghe threesites for both surface and bottom measurements. Values ranged betwéen 1.80
12.27 mg/L for surface waters and 1i692.40 mg/L for bottom waters across all sites (Figure
4).
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Water clarity and water quality characteristics

Photosynthetically active radiationreaching the benthos (% Surface Irradiance) was highly
correlated with depth and not significantly different at the three sites over theagssof

monitoring. Over the project period %S| averaged 4.51% (+ 0.72% standard error) at the deepest
South site, 9.46% (+ 0.86% standard error) at the Mid site and 15.75% (+ 1.35% standard error)
at the shallowest, North site (Figure; 5, Appendices AB)n
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Seasonally % Sl was lowest in the spring and increased each fall; however, these slight
differences were not significant (Figure 6).
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DURINGSAVGROWING PERIOBPRING IS ARCH APRIL. MAY, SUMMER ISUNE JULY, AUGUSTANDFALL IS
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TheLight attenuation coefficient (Kq) was similar across all sites, averaging 2.59#n0.09
standard error) at the South site, 2.79m0.14 standard error) at the Mid site, @n@2m? (+

0.21 standard error) at the North site (Figure 7), across the study period (see Appendices for
yearly and season means). Whilewas not significantly different at any site over the
monitoring period 2016 had the highestyKalues with the lagest variance.
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All three sites typically had largerqikalues during sprindut thendeclined during the

summer andiall months (Figure 8). This trend was most pronounced during 2016 and 2017
and may be related to heavy rains in the spring and then clearer water from the Gulf of Mexico
pushing up I nt oBalbduiinglhe fallaas shdicBté&d®y thewhighatisities

seen in the surface and bottom waters at these sites (Figure 3).

FIGURE 8: MEAN LIGHT ATTENUATION COEFFICIESEJKDEACH STUDY SITE, AVERAGED BY SEASON DURING SAV
GROWING PERIOD. SPRING IS MARCH, APRIL, MAY; SUMMER IS JANGUBILAND FALL IS SEPTEMBER,
OCTOBER, NOVEMBER
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