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Fig. 3. North water control structure completed in December 2008. View is facing east 
looking into North Azevedo Pond.

HYPOTHESES 

In my study, I pose the following question: Did benthic infaunal community 

composition and relative species abundance significantly change and how, before and 

after construction of the ponding manipulations? My hypotheses to address this question: 

H1: Benthic infaunal community assemblages will be different between pre-water 

control construction and post-water control construction. 

H2: Benthic infaunal community assemblages will be different between the south 

region of North Azevedo Pond and the north region of North Azevedo Pond. 
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H3: Benthic infaunal communities will be higher in abundance and species density in 

post-water control construction than pre-water control construction 

H4: Benthic infaunal communities in the south will have a higher abundance and 

species density than communities in the north in both pre- and post-water control 

structure. 

MATERIALS AND METHODS 

Study area and study system 

North Azevedo Pond is located in Elkhorn Slough, CA northeast of the main channel 

(Fig. 1). In the 1870s, this wetland was curtailed from the main channel by railroad 

tracks, and only received tidal exchange through two culverts: one located on the south 

end of the wetland and the other on the north. Subsequent to railroad construction, North 

Azevedo Pond existed under a tidally restricted hydrological regime. When water control 

structures were built adjacent to these two culverts, this changed the wetland’s hydrology 

by increasing the water level and inundation time. 

 Pre-manipulation system. North Azevedo experienced daily dramatic changes to 

water quality conditions prior to water control construction. The highly elevated north 

flat was only covered at high tides and the south mudflat had relatively stagnant water 

with significant periods of anoxia (Oliver et al. 2009). In 1997, the south culvert broke 
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open and resulted in an increase in tidal range. The Elkhorn Slough National Estuarine 

Research Reserve (ESNERR) found a significant decrease in nitrate (NO3) within the 

system (samples were taken in the middle of the wetland) from before and after this 

accidental restoration took place (Gee et al. 2010). This change in hydrology decreased 

nutrients in the system due to greater tidal exchange, and created a 100’ vegetated buffer 

between adjacent agricultural fields and the high-water edge of the wetland.  

However, the wetland persisted in a highly dynamic and unstable hydro-chemical 

state despite the unintended increase in flushing to the system. In 2000, a nutrient study 

described North Azevedo Pond’s water quality as hyperventilated (Chapin et al. 2004). A 

hyperventilated wetland system is defined as one in which the wetland experiences both 

rapid and dramatic supersaturation and depletion in diel oxygen levels in response to 

nutrients, sunlight, and tidal cycles (Beck and Bruland 2000, Beck et al. 2001). Oxygen 

supersaturation occurred when high incoming tides brought high nitrate and oxygen into 

the system, and diel oxygen production further increased from higher macroalgal 

photosynthetic rates due to high nutrient inputs from freshwater sources. At night, oxygen 

levels at times decreased to as low as 10 μM, but then incoming high tides and light 

(daytime) restored healthy oxygen levels to the system. During neap tides, lower high 

tides were not high enough to significantly flood Azevedo Pond and the resulting water 

quality was hypoxic past nightfall, extending more than six hours. From 2007 to 2008, 

the south end experienced hypoxia (≤ 63 μM) 1.47% of the time and hypersalinity (> 50 
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ppt) 0.65% of the time-both of these calculated from monthly averages from the Elkhorn 

Slough National Estuarine Research Reserve (ESNERR) database (Oliver et al. 2009). 

Post-manipulation system. As previously mentioned, from 2008 to 2009, tidal 

flashboard control structures were built behind the two existing culverts in order to retain 

more tidal water in the isolated wetland. Moderate structural modifications were made on 

the south structure from the initial construction, but none were made on the north 

structure. These modifications were too difficult to track due to a lack of documentation. 

So, for the purpose of this study, only the initial hydrological changes marked by the 

completion of tidal flashboard construction were used as the benchmark for experimental 

restoration. The general goal of the manipulation was to improve water quality by 

increasing inundation to the system. The new control structures ponded water in the high 

marsh at approximately 4 feet above MLLW (Mean Lower Low Water)- the elevation of 

the levee spillway (Elkhorn Slough Foundation records), converting a high and often dry 

mudflat, especially in the north region, to a high salt marsh pond. Sampling before and 

after these ponding manipulations allowed ecosystem changes to be documented. 

This project focused on using benthic infaunal communities as measurements of 

change in the North Azevedo Pond wetland system, before and after water control 

construction. Thus, data analysis and sampling were divided into both temporal and 

spatial categories. Temporally, the data set was divided into two separate groups- before 

the water control structures were built and after they were constructed. For spatial 

organization, data were classified by splitting them into two distinct regions-South and 
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north. Water quality data, sediment grain size analysis, and census of benthic infaunal 

organisms were used to elucidate any of significant temporal and spatial patterns in the 

benthic infaunal communities. 

Benthic sampling 

Sampling bouts occurred in August 2007, April 2008 (Oliver et al. 2009), October 

2008, September 2009, and July 2014 (Table 1).  For the purpose of this thesis, site 

names were simplified to “S#” and they increased in number the further they were 

from each respective culvert. Overall, there were ten sites that were used for this 

study that were subsampled from a larger set of sample sites. There was some 

replication between years but no overall consistent replication of sample location and 

number from each sampling period to period (Table 1, Fig. 4). 

Macrofauna sampling. All benthic infaunal cores were collected by using hand-held 

cores (0.0078 m2, 0.1 m diameter x 0.1 m depth), which were then washed over a 0.5 mm 

screen. Animals were first relaxed with magnesium chloride, and samples were 

subsequently fixed in 4% buffered formaldehyde for 48 hours. These samples were then 

transferred to 70% ethanol for processing. All benthic organisms were sorted and 

identified to lowest possible taxon, usually species. 

Sediment sampling. Sediment push cores (0.0007 m2, 0.03 m diameter x 0.1 m 

depth) were collected immediately adjacent to each benthic infaunal core and stored 

upright during transport to avoid mixing. Cores for grain size analysis were refrigerated 

at the laboratory. The particle size analyses were carried out with a Beckman-Coulter LS 
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13 320 laser particle size analyzer (Beckman Coulter Inc. 2003) using the aqueous 

module of the machine. Cores were measured to the tenth of a centimeter. Analyses were 

done on both the surface and basal layer of each core. Coulter statistical software was 

used to calculate mean, mode, median, standard deviation, utilizing the arithmetic method 

(Coulter Corporation, 1992). This software also calculated each sample’s percent by size 

classes: 4 µm, 10 µm, 63 µm, 125 µm, and 250 µm. These percentages were then used to 

interpolate % silt, % clay, and % sand.  
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Fig. 4. Map of North Azevedo’s south and north sample sites. Sample sites numbered 

according to distance from each respective culvert 
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Table 1. Summary table of benthic infaunal and sediment sampling; “n” is total samples 
collected  

Sampling type Date Region n 

Benthic cores 

August 2007 S 4 
April 2008 S 4 

October 2008 N 5 
September 2009 N 5 

July 2014 N, S 10 

Sediment cores 

August 2007 S 3 
April 2008 S 1 

October 2008 N 3 
September 2009 N 3 

July 2014 N, S 10 
 

Environmental sampling 

Sonde data. Continuous dissolved oxygen, pH, salinity, and temperature 

measurements at 15 minute intervals were attained from two YSI 6600 V2 

multiprobe sondes-one was in the south end and the other in the north end of North 

Azevedo Pond. The south sonde was deployed during the entirety of the study. The 

north sonde was intermittently deployed adjacent to the north water control structure 

at two time intervals: from April 2010 to August 2010 and then again from 

September 2014 to September 2015. Water quality data for the south sonde from 

2007-2010 and 2014-2015 were acquired from the NERRS’ (National Estuarine 

Research Reserve System) website (http://cdmo.baruch.sc.edu/). These data omitted 

any “flagged” data (data values that were unusual or suspicious) and corrected drift 

http://cdmo.baruch.sc.edu/
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data to adhere to CDMO (Centralized Data Management Office) standards. 

Therefore, this south sonde data set did have some noticeable gaps in recorded 

values, at times, spanning a month. North sonde data were acquired from ESNERR 

directly. For the north sonde, any missing and flagged values from this dataset were 

either lost or deemed as bad data, and corrected drift data were included in this data 

set.  

Spatial environmental description. 

Temperature. During 2014 field sampling, the north region of the wetland was 

observed to experience less tidal exchange and lower inundation than the south 

region where the fixed sonde was located. Thus, in an effort to consider any potential 

spatial temperature variation not captured by the south sonde, nine HOBO 64K 

pendant temperature loggers (Onset Computers) were deployed in the north end. 

These temperature logger readings were used as a proxy for water flow. Higher 

temperatures indicated an area with lower tidal flow and higher stagnation. 

Temperature loggers were deployed from May 5th to June 6th 2015 and July 14th to 

September 18th 2015. Each temperature logger was located closely above the soil 

surface and affixed with cable ties to a PVC pipe which was planted in the sediment 

where water was present. Every temperature logger site was selected within a few 

meters of each infaunal sampling site in order to capture temperature readings that 

reflected the sampled benthic infaunal conditions. The loggers were set to measure 

every fifteen minutes to match the frequency of the sonde readings.   
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Ysi discrete water quality points. In addition to deploying temperature loggers, 

discrete water quality measurements were taken on several dates with a handheld YSI 

(model 556 MPS) at each temperature logger site, haphazardly throughout the wetland, 

and adjacent to the south sonde. South sonde data were corrected using the handheld YSI 

data, given the handheld YSI was calibrated the day of data collection and the sonde was 

calibrated monthly. Temperature logger values were also corrected with handheld YSI 

data collected at each respective logger. For a complete list of all water quality 

parameters used for this study see Table 2.  

Table 2. List of water quality instruments and parameters used for this study; 
DO=dissolved oxygen (μM), T=temperature (C°); Sal= salinity (ppt); S=south;

N=north 
Instrument Time Period Region WQ Parameter Freq 

WQ YSI Sonde 

1995 – present S DO, pH, T, Sal 15 min 

Apr 2010-Aug 2010; 
Jan 2014-Sept 2015 N DO, pH, T, Sal 15 min 

Handheld YSI  
Mar 16, May 6, June 
15, July 14, Sept 18 

2015 
N DO, pH, T, Sal N/A 

Temperature Loggers May 8-June 15 2015, 
July 14-Sept 18 2015 N T 15 min 

 

Analyses 
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Spatial and temporal categorization.  

Infauna. All the infaunal data were grouped into spatial and temporal 

categorizations. Infaunal sampling that preceded water control structure construction was 

named “Before Impact” or “Before”. This included three sampling periods- August 2007, 

April 2008, and October 2008. Infaunal sampling data that occurred post-water control 

structure construction were named “After Impact” or “After”. These “After Impact” years 

included both September 2009 and July 2014. Additionally, all infaunal samples were 

subcategorized by their sampling location. Samples from the south end were labelled 

“South” and samples from the north end were labelled “North”. Thus, any future referral 

to these different spatial and temporal sampling regimes will be also be cited as four 

distinct sampling groups: “ Before South”, “After South”, “Before North” and “After 

North”.   

Sampling years within each pooled impact and location group were tested using the 

ANOSIM (Analysis of Similarity) multivariate statistical test for differences in order to 

support the justification of pooling them together (Primer 6). Only sampling years within 

the same spatial and temporal category were compared. Both After South and Before 

North only had one sampling year, so it was only possible to compare Before South and 

After North sampling periods, each of these having two sampling years. After North 

samples were slightly significantly different (One-way ANOSIM, R= 0.208, p=.048). 

After examining the SIMPER analysis, the overall community structure did not differ 

ecologically between each sampling year. Both communities were dominated by 


