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The goal of this study was to reconstruct late Holocene environmental conditions at Moro Cojo Slough.  Environmental reconstructions were based on a multi-proxy analysis of two sediment cores: one 4.2 meter core collected from lower Moro Cojo Slough (N 36° 47ʼ 55.379”, W 121° 46ʼ 20.415”, near Moss Landing Power Plant), and one 2.2 meter core collected from upper Moro Cojo Slough (N 36° 46ʼ 38.190”, W 121° 44ʼ 19.495”, near Castroville Blvd).  These cores were analyzed for stratigraphy, accumulation rates, lithic grain size spectra, and fossil pollen.  There are strengths and weaknesses associated with this reconstruction.  The record from upper Moro Cojo Slough is extremely compacted (sediment recovery<<push depth), and furthermore the chronological constraint for one of these cores is somewhat compromised (due to several reversals for the lower Moro Cojo Slough core).  However, both records span the last 5,000 years, and, in particular, the core from lower Moro Cojo Slough provided an extremely high-resolution record.  

Patterns of sediment deposition were reconstructed by analyzing collected sediments for organic content using loss on ignition, organic and inorganic carbon using an elemental analyzer, and for lithic grain size using laser granulometry.  For the lower Moro Cojo core, collected sediments (apart from the near surface) were deposited in an estuarine (but not wetland) environment.  Total carbon and organic contents were low, and very few plant fragments were present.  The core collected from upper Moro Cojo Slough had wetland indicators down to 150-cm of depth (a reconstructed age of 2700 calendar years b.p.).  Collectively, this indicates a recent expansion in wetlands at the lower slough coring site, and wetland establishment ca. 3000 cal. yrs. b.p. at the upper Moro Cojo Slough coring site.

At lower Moro Cojo Slough, average sediment grain size (inclusive graphic mean) ranged from 5.32 to 8.91  (~2 to ~25 microns).  Most layers were classified as mud (a relatively even mixture of silt and clay); however, clay, silt, and sandy silt layers were also present.  Sediments were generally poorly sorted to very poorly sorted, and positively skewed (indicating a pronounced fine tail).  Furthermore, there was a pronounced relationship between sediment grain size and sorting (coarse sediments were more poorly sorted than finer sediments, r2=0.56, p<0.001), indicating a partially open to closed estuarine environment (Lario et al. 2002).  There also was a clear demarcation between surface sediments (0-70 cm, mostly historic infill deposited <1900) and sediments found at depth.  Historic fill appeared significantly coarser, more positively skewed, and platykurtic compared to sediments found at depth.  

Sediment deposited at upper Moro Cojo Slough was significantly finer than sediments deposited at the lower Moro Cojo Slough coring site (t=5.32, p<0.001).  Mean grain size at the upper coring site ranged from 7.5 to 9.0 f (~2 to ~6 microns).  Layers were mainly mud, with a few clay layers.  Sediments were poorly sorted, and positively skewed.  No relationship was found between mean grain size and sorting, although sample dispersion clustered in the “closed basin” domain of Tanner (1991).

Pollen and stratigraphic indicators from ca. 5000-4000 cal. yrs. before present indicate a shallow brackish lagoon with sluggish tidal circulation.  The Ruppia pollen type was highest in relative abundance, Tryonia shells were abundant in the upper Moro Cojo Slough sediment core, and sediment sulfur concentrations were found to be relatively high.  Between 4,000 years b.p. and historic times, wetland plant composition shifted from primarily Ruppia to a mixture of wetland taxa, including members of the Cyperaceae, Chenopodiaceae, Poaceae, and Asteraceae plant families, with minor representation by the Typhaceae family, Salix, and Alder.

Past estimates of estuarine salinity were constructed using a pollen index (ratio of the Chenopodiaceae pollen type to the sum of the Chenopodiaceae and Cyperaceae pollen types) developed and used in palynological studies of San Francisco Bay (Malamud-Roam and Ingram 2004; Goman et al. 2008). A higher pollen index is indicative of saline conditions, a lower index of fresher conditions. For the time period spanning 4,000 to 200 years before present, this pollen index averaged 0.30 (±0.20) for lower Moro Cojo Slough and 0.36 (±0.25) for upper Moro Cojo Slough.  These average values suggest brackish conditions, similar to those found in the Suisun Bay region of San Francisco Bay.  However, these average values mask variability in this salinity index (Fig. 1).   

First, very few levels show full marine salinity of 0.9-1.0, or fully fresh salinity of 0-0.10.  Second, there is a bimodal distribution in the distribution of the salinity index, with modes in the 0.05-0.25 range and the 0.50-0.75 range.  Third, there appears to be some mild periodicity in salinity swings apparent in the lower Moro Cojo core.  These factors suggest that Moro Cojo has always been a brackish estuary (rather than fully fresh or fully marine), but that swings in salinity conditions have been the rule, rather than the exception.  These swings are most likely related to variability in tidal influence to Moro Cojo Slough; during times of tidal restriction presumably conditions were fresh to brackish, while during times of more full tidal exchange, conditions were presumably brackish to marine.
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Figure 1.  Pollen salinity index for the lower Moro Cojo core, as a function of depth in cm.
Management Implications

During ancient times, Moro Cojo Slough appears to have been a brackish slough, with regular pro-longed swings in estuarine salinity, rather than exclusively fresh or marine.  Based on the historic evidence, conservation projects that maintain brackish marshes should be supported.  Second, based on grain size analysis, there seems to have been some contrast in deposition patterns between the lower and upper reach of the slow, with the lower reach of the slough supporting more energetic conditions.  This suggests that the lower reach of the slough was more strongly tidal, or alternatively, received fluvial sediment input from the Salinas River or Tembladero watershed.  This suggests that a historically based restoration of environmental conditions would favor reestablishing a tidal or fluvial connection to the lower reach of the slough.  Lastly, both coring sites appear to have experienced infilling during historic times of 50-100 cm.  If this observation is robust (and has not been offset by subsidence due to de-watering and oxidation), wetlands at Moro Cojo Slough may be more resilient to degradation than Elkhorn Slough wetlands if returned to tidal exchange.
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