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ABSTRACT

In 1994, Channel Islands National Park implemented sandy beach monitoring at nine sites on Santa Rosa Island, following the protocol established by Dugan et al. (1993).  This protocol uses a variety of sampling methods to estimate physical and biological characteristics of sandy beach communities including core transects to measure infauna, point-contact transects to measure macrophyte wrack, bird censuses, and physical measurements.  At Southeast Anchorage, we sample Tivela stultorum (Pismo clams), Olivella biplicata, and Blepharipoda occidentalis more extensively.  In addition, salinity, temperature, and depth measurements are made in three coastal lagoons.  In 1999, the beach sampling protocol and additional sampling at Southeast Anchorage were performed in late August 1999. Sand crab Emerita analoga density varied among sites with North facing beaches at or above the past years moving average and south side beaches 40% higher than 1997 levels, only Bee Rock had a notably lower density than previous years.  Upper beach infauna densities were lower than 1997 levels at all beaches except Bee Rock and Soledad west, both wide expansive beaches. Macrophyte wrack percent cover occurred at or above previous levels with the exception of China camp, which displayed its lowest recorded cover since monitoring began. Coastal lagoons were also monitored in August 1999, when freshwater runoff was low.  Lagoons were relatively empty and none of the lagoons were open to the ocean

 EXECUTIVE SUMMARY
In 1999, we completed Sand Beach and Coastal Lagoon monitoring at seven beaches and three lagoons; many of these same sites were monitored in 1994, 1995 and 1997.  Pismo clam mark-recapture surveys were conducted with 80 new clams marked.  This annual report contains a summary of the methods used to conduct the monitoring in 1999, a brief description of the sites, and the results. 

National Park personnel, volunteers, and students from DeAnza Middle School completed the bird censuses, physical measurements, infaunal core transects, and macrophyte wrack transects at seven of the nine sampling sites. Subtidal and intertidal sampling for Pismo clams (Tivela stultorum) and intertidal sampling for Mole crabs (Blepharipoda occidentalis) and Olive snails (Olivella biplicata) was performed at Southeast Anchorage. 

In August, coastal lagoons were stratified and relatively low in volume. Old Ranch creek was closed at the mouth with low flow and decreasing salinity moving upstream.  Oat Point was dry and, therefore, not sampled. Old Ranch House lagoon was shallow and hypersaline. Twenty-six snowy plovers were counted between Oat Point and Old Ranch Creek and twenty-seven more between Old Ranch and Abalone Rocks. A diverse assemblage of seabirds, shorebirds and migrant waterfowl were observed throughout the lagoon area. 


Macrophyte wrack, mostly giant kelp (Macrocystis pyrifera) and surfgrass (Phyllospadix spp.), was abundant on Sandy Point and Soledad West beaches similar to previous years.  Upper beach invertebrate densities and overall abundance varied noticeably among beaches and exposure.  Beachhopper amphipods (Megalochestia spp.) were recorded at their highest density at Bee Rock and Soledad West and continue to support a correlation with beach wrack.  The remainder of the sampled beaches had low densities of beachhopper amphipods; Sandy Point and Ford Point had the lowest densities ever recorded at those sites.  


Sand crab (Emerita analoga) populations varied in sex ratio and abundance. China Camp and Bee Rock had the highest and lowest recorded densities, respectively, since sampling began.  Sandy Point had the greatest densities, reaching nearly 11,000 per meter of beach.  Overall densities were highly variable with no obvious trends when compared to previous years.  The percentage of ovigerous crabs within the sampled population varied from 2.5% at Sandy Point to 59.0 % a Bee Rock.
  Olive snails (Olivella biplicata) are typically patchy in distribution and an overall low population density was observed in 1999.  The measured density, nearly 3700 per meter beach, was much lower than 1995 survey densities but still within previously observed ranges.


We trenched for Blepharipoda occidentalis at Southeast Anchorage but no individuals were observed.


Pismo clams (Tivela stultorum) were sampled once in August 1999 at Southeast Anchorage. We found no clams during intertidal sampling, but the sampling was performed at a marginal tide (+2 ft.).   However, Eighty clams were collected and marked during subtidal sampling. A population size of 3066 clams was estimated using the Petersen single mark-recapture formula and the August 1997 sample; assuming no migration and no excess mortality to the population.  The Pismo clam population at Southeast anchorage appears to have remained stable since monitoring was initiated in 1990. 

INTRODUCTION


Sandy beaches are a major component of the intertidal region of the northern Channel Islands. On Santa Rosa Island, sandy beaches make up approximately 30 km of shoreline, encompassing a wide variety of exposures and beach types. Approximately 20 percent of the shoreline of the California Channel Islands are sandy beach, in contrast to 80 percent of the shoreline of the southern California mainland coast.  Though often overlooked, sandy beach communities offer a dynamic arena for the interaction of marine and terrestrial ecosystems. Sandy beaches harbor high densities of detritus, infauna, and macro-invertebrates that supply food and habitat for marine and terrestrial organisms.  Many bird species utilize sand beaches as nesting and foraging habitat.  Terrestrial mammals and birds prey and scavenge on resident and transient organisms residing on sand beaches.  All these organisms in turn play a vital role in the functioning ecosystem we classify as sandy beaches.


A design study for sand beach monitoring on Santa Rosa Island was completed in 1990 (Dugan et al. 1990).  A draft report summarizing the inventory and design study was completed in February 1993 (Dugan et al. 1993). Monitoring by National Park Service staff has been performed in 1994 (Richards 1996), 1995 (Richards and Lerma 1997), and 1997(Lerma and Richards 2000).  Funding for the Sand Beach monitoring program came from Channel Islands National Park through equipment and personnel borrowed from the Kelp Forest Monitoring project and from the National Parks Foundations, young scientists in training program. This report presents the data collected in 1999. 

METHODS
Study Area

The California Channel Islands are comprised of eight islands in the Southern California Bight, of which five are included in Channel Islands National Park. Santa Rosa Island (21,854 ha) has the most extensive beaches of the park Islands.


Our nine study beaches on Santa Rosa Island encompass a wave energy gradient influenced by storm activity and aspect. These differences influence the physical properties of beaches including slope, grain size, permeability, cusping, and stability. The physical properties in turn affect the beach fauna. Sampling sites were established by Dugan et al (1990) to represent the range of exposures and beach types found on Santa Rosa Island (Figure 1).

Sand Beach and Lagoon Monitoring Methods

Sampling techniques used are outlined in a monitoring handbook for sand beaches and coastal lagoons (Dugan et al. 1990). Lagoon temperatures and salinities were read at each sampling station using a handheld thermometer and a refractometer.  Samples were obtained just below the surface and at 10-cm depth.  No invertebrates or fish were sampled within the lagoons.


Standard beach sampling was conducted during August 1999 at Becher’s Pier, Bee Rock, China Camp, Ford Point, Sandy Point, Soledad West, and Water Canyon. Standard beach sampling included: (i) five upper beach core transects to estimate the abundance of beachhopper amphipods, Megalorchestia spp., and associated species; (ii) five wash zone core transects to estimate abundance of sand crabs (Emerita analoga) and isopods, Alloniscus sp., Excirolana chiltoni, and associated species; (iii) three point contact transects for percent cover and composition of macrophyte wrack; (iv) size frequencies of sand crabs; (v) measurements of beach slope and sea surface temperature; and (vi) bird census. 
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Figure 1.  Sand Beaches and Coastal Lagoon Monitoring Sites, Santa Rosa Island.

Pismo clams (Tivela stultorum), Olive snails (Olivella biplicata), and Mole Crabs (Blepharipoda occidentalis) were sampled at Southeast Anchorage. To measure the density of Pismo clams, four freedivers performed four 100m transects each, in adjacent areas, counting clam siphons and noting associated species.  Additionally, clams were collected and marked, with three grooves on the upper right valve (UR3), to estimate population size (Figure 3).  After marking clams were returned to the general area they were collected from.
  Optimum tide and wave conditions were present to perform subtidal band transects for Pismo clams. Intertidal trench transects were performed at Southeast Anchorage to sample Tivela stultorum and Blepharipoda occidentalis.  Five core transects were made to sample Olivella biplicata on the north most cove of Southeast Anchorage. 

RESULTS

Wash-zone Transects


Sand Crab (Emerita analoga) densities from transect ranged from 1456 per meter of beach at Water Canyon to 10,664 per meter of beach at Sandy Point (Table 1). Excirolana chiltoni found at all seven beaches ranged in density from 57/m of beach too nearly 4707/m of beach.  Blood worms, Euzonus mucronata, were present at four of the seven beaches at relatively low density, less than 100/m beach except at Becher's Pier (938/m).  Polychaetes, Nephtys californiensis, were present at Becher’s Pier and Bee Rock.  E. analoga megalopa were notably absent at all beaches. Ovigerous crab densities ranged from 2.51% to 58.97% of the population. The highest percentage of ovigerous crabs was found at Bee Rock, 59.97%.  (Table 2).


Table 1.  Washzone transect species abundance summary.  Mean number per meter beach.

Site Code
Emerita
Excirolana
Euzonus
Nephtys

BB
3168.92
1657.83
938.47
160.19

BR
1666.76
198.10
0.0
115.29

CC
7879.24
134.52
89.81
0.0

FP
7539.44
638.90
0.0
0.0

SP
10663.54
4706.75
71.34
0.0

SW
3007.58
488.20
0.0
0.0

WC
1455.65
56.76
67.83
0.0







Table 2.  Emerita analoga, number of individuals per site, gender characteristics and percent          ovigerous.
Site Code
Ovigerous
Non Ovigerous
Male
Unsexed
Total
% Ovigerous

BB
17
95
109
159
380
4.47

BR
138
27
25
44
234
58.97

CC
31
31
58
370
490
6.33

FP
19
104
101
274
498
3.82

SP
19
137
83
519
758
2.51

SW
44
69
88
341
542
8.12

WC
24
153
73
5
255
9.41


Supplemental sampling for sand crab size frequencies was performed at several beaches where crab numbers, initially sampled, were too low for adequate size frequencies.  Unsexed individuals less than sieve #12 (7.72 mm) made up the majority of the samples at several beaches (Table 2).  China camp had the highest number of small crabs, less than sieve size #12.  The highest percentage of large crabs was found at Bee Rock. E. analoga  size frequency distributions and gender characteristics varied from beach to beach (Appendix 1). 

Upper-beach Transects

There was high variability in beachhopper amphipod (Megalorchestia spp.) densities among sites, ranging from only 76 per meter of beach at Ford Point to nearly 26,000 per meter of beach at Soledad West 
(Table 3). The abundance of upper beach infauna followed previous year patterns with narrow high-energy beaches like Ford Point, Becher's Pier, and Water Canyon supporting the lowest density of amphipods (less than 1000/M beach).   While larger more expansive beaches Soledad West, Bee Rock and Sandy Point contained higher densities (greater than 4000/M beach). Overall Megalorchestia spp. densities were lower than previous years at all beaches except, Soledad West and Bee Rock (Lerma and Richards 2000)  

Table 3.  Summarized results of Upper beach transects.  Individuals per meter beach.

Site Code
Megalorchestia
Alloniscus
Beetles
Staphlinids
Thinopinus
Excirolana

BB
225.84
0.0
0.0
0.0
0.0
4106.33

BR
4327.20
229.12
711.50
367.09
0.0
1872.36

CC
789.43
306.11
184.29
204.84
0.0
1108.66

FP
75.93
0.0
0.0
0.0
0.0
1406.03

SP
4932.59
523.76
0.0
247.56
0.0
11023.48

SW
25854.11
174.21
524.27
713.91
227.92
1213.44

WC
111.80
0.0
0.0
0.0
0.0
279.48

Transect lengths varied according to beach morphology ranging from an average of 14 to 31 meters.  Ford Point, Becher’s Pier and Water Canyon had the narrowest upper-beach area and waves washed into the cliffs at high tide. Soledad West and Sandy Point had the longest average length of upper beach transects.  At Sandy Point the high tide reaches the cliff in several areas.  Small dunes and vegetation back the beach at Soledad West.  Isopods, Alloniscus perconvexus, Staphylinid beetles, and associated species were present within normal ranges based on previous year samplings (Richards and Lerma 1996) (Table 3).  Data collected in1999 followed trends observed in 1995 and 1997.  Fly pupae were common on Sandy Point and noticeably present at Becher's Pier, similar to previous years.   Excirolana chiltoni were abundant in upper beach transects and represented the majority of individuals monitored (Figure 2).   
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Figure 2.  Upper Beach Transect Percent Composition of Species at each Site.

Table 4.  Macrophyte wrack summary, percent cover.
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Figure 2. Tivela stultorum mark-recapture markings.




Macrophyte Wrack

Total wrack coverage was highest at Soledad West (35.33%) and Sandy Point (24.33%)  (Table 4). Total percent cover of wrack is less than the sum of each category of wrack due to layering.  Average height of wrack varied from 1.0cm at Ford Point to 2.62cm at Sandy Point. Averages are overestimates due to the fact that trace amounts are entered in the database as 1.0cm. Total wrack cover is highly variable from year to year.  Despite the temporal variability of total wrack cover within sites there are consistent patterns between sites.  Soledad West and Sandy Point have consistently higher wrack cover than other monitored beaches. This year, Becher's Bay and Bee Rock had their highest total percent wrack cover since 1994, 11.67% and 11.33%, respectively.  China Camp had the lowest total percent wrack cover since 1994,1.0%.
Pismo Clams


Tivela stultorum were sampled in the subtidal on August 24th and 26th on an incoming tide with good visibility. A clam density of .0069 clams per m2 was calculated from subtidal band transect siphon counts.  On the 26th, five freedivers searched for a total of 230 diver-minutes and collected 80 clams in 1-3 m of water.  A total of seven clams displaying previous year markings were captured.  Of the seven clams, only four had 1997 year markings, one was marked 1995 and two displayed markings indicating they were subtidal transplants in 1989 (Dugan 1993). Unmarked clams were marked with three grooves on the upper right valve (UR3) (Figure 2) and returned to the general area of collection.  Clams sizes ranged from 98mm to 158mm.   A average size of 125.3 mm, (St Dev. 12.54) was similar to the May 1997 sampling (avg. size 133.51 mm, (St Dev. 16.07) (Table 5).  Opportunity allowed for only one subtidal recapture sample in August 1999. A population estimate was calculated using 1997 marked individuals, and assuming a stable population, no migration and moderate mortality rate. Using the Petersen single mark-recapture formula a population estimate of 3066.0 clams was obtained from the August sample (Krebs 1989).  Olivella biplicata, Citharichthys spp., Cancer gracilis, Dendraster excentricus, and Portunus xantusii xantusii were observed on several of the subtidal band transects.
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Table 5.  Summary of Subtidal Pismo Clam size frequency measurements and population estimate.

Physical Measurements


Temperature and salinity data are presented in (Appendix B). Oat Point Lagoon was dry.  The mouth of Old Ranch House Canyon Lagoon was closed and lagoon waters were low and hypersaline with some stratification evident. Old Ranch Canyon Creek lagoon was closed to the sea. 


In August, seawater from wave overwash dominated Old Ranch House and Old Ranch Creek lagoons. Salinity measurements at the surface and 10cm ranged from 28ppt to 53ppt at Old Ranch House and 2ppt to 38 ppt at Old Ranch Creek.  Ruppia maritima, Trichocorixa reticulata and fish fry were present at two Old Ranch House Canyon Lagoon stations.  Ocean temperatures recorded during this study ranged from 15.0(C to 18.0(C with the coldest temperature occurring at Becher's Bay during moderate wind conditions (Appendix B). 

Bird Census

Paige Martin, seabird biologist Channel Islands NP, performed all shorebird counts in conjunction with the annual assessment of Western Snowy Plovers.  A variety of seabirds, shorebirds and land birds were observed at most beaches.  Western Snowy Plovers were present at only two, sand beach monitoring, sites.  Additional Western Snowy Plovers and bird observations were made at other beaches (Martin in press).  Waterfowl were abundant at the coastal lagoons.  The greatest number of bird species was found at Old Ranch House Canyon Lagoon (Appenix C). 
General observations

In 1999, mild winter storms and below average rainfall had no obvious physical impacts on monitored beaches and coastal lagoons. Increased offshore macroalgae cover likely translated into increased macrophyte wrack cover on sampled beaches.  One stranded common Dolphin carcass was observed at Abalone Rocks and one dead California Sea lion was observed at Soledad West. 
DISCUSSION

General characteristics for Santa Rosa Island beaches are listed in Dugan et al. (1993).  Physical parameters including beach slope fell within previously documented ranges and overall beach morphology appeared unchanged from the 1997 sampling period.  The 1999 monitoring year was an important year with respect to weather.  Proceeding the 1997/98 El Niño event cold nutrient rich water began to dominate the area containing the Northern Channel Islands. More typical of Santa Rosa Island, water temperatures remained relatively low, less than 17(C (NOAA SST).  The Kelp Forest Monitoring Program noted increased offshore kelp cover throughout the 1998/1999 sampling period (Kushner et. al. 2001)


Most organisms remained within the density ranges reported by Dugan et al. (1993). Macrofauna communities inhabiting sandy beaches are supported primarily by allocthonous sources of carbon as little or no primary production occurs on the beach itself (Brown and McLachlan 1990).  In the Channel Islands, the main sources of primary production are drift macrophytes and phytoplankton.  Drift macrophyte consumers (including beachhopper amphipods, Megalorchestia spp.) and insects, inhabit the upper beach and move down to the mid- and low intertidal to feed.   Suspension feeders, such as E. analoga and bivalves inhabit the lower intertidal and utilize phytoplankton and particulate matter.  In turn Scavengers and predators, such as crabs, isopods, polychaetes, and beetles, prey upon these primary consumers of both types and drift carrion (Dugan et. al. 1999).  Hence the species richness of upper beach macrofauna communities are positively correlated to beach wrack.  In contrast sand crab, Emerita analoga, populations are dependent on oceanographic patterns and fluctuations that regulate recruitment and phytoplankton supply. 

 
Macrophyte wrack consisted of primarily Macrocystis pyrifera and Phyllospadix spp. at most beaches, except Becher's Pier.  Overall, 1999 appeared to follow more expected wrack trends with South and East Side beaches having lower percent cover of wrack than north and west side beaches.  Exceptions were Becher's Bay with its highest percent wrack ever and China Camp with its lowest total percent wrack.  


Beachhopper amphipods were most abundant on Soledad West and Sandy Point, consistent with 1995 and 1997 monitoring. Overall, beachhopper densities were low when compared to previous years with the exception of Soledad West and Bee Rock both recording their highest densities since sampling began.  Abundant beach wrack was present at both Bee Rock and Soledad West supporting the correlation of amphipod density and beach wrack illustrated in the 1997 sampling effort (Lerma and Richards 2000).


Monitored beaches displayed high spatial variability between beaches with respect to the number of E. analoga and their gender makeup.  Beaches with similar aspect and beach morphology had comparable size and gender distributions.  The return of cooler water masses to the northern Channel Islands and especially south facing beaches appears to have had a much more localized impact on E. analoga populations than expected.  E. analoga densities were average overall compared to previous years, except at Ford Point where the highest densities ever for that sight,  were recorded.  In contrast, east facing beaches had lower than average densities.


Soledad West had the greatest coverage of beach wrack and consequently had the highest diversity and density of upper beach invertebrates.  Prevailing winds and an ample supply of offshore macroalgae supply a relatively large amount of macrophyte wrack to this and other North/West facing beaches on Santa Rosa Island.  Morphological characteristics like beach slope and width of the upper beach also play a significant role in the amount of beach wrack that arrives and subsequently resides on a specific beach.   In contrast Soledad West has only moderate densities of E. analoga, when compared to other beaches.  Shallow nearshore waters, dense aggregations of subtidal planktovores, and the piling of surface waters from prevailing winds may reduce the food supply for sand beach suspension feeders at this beach.


Sandy Beach had a high percentage of beach wrack as well as upper beach invertebrates but remains considerably wetter than other North/West beaches, waves wash to the cliff at high tide.  An abundance of scavengers and predatory invertebrates were observed and are likely due to the high densities of fly pupae found at this beach. Sandy Point had the highest density of E. analoga since monitoring began.  Sandy Point's unique location at the very Northwest tip of Santa Rosa Island puts it in close proximity mixing water masses, typically related to abundant phytoplankton. 


Bee Rock had relatively high densities of beach hopper amphipods when compared to previous years. Several species of beetles including Thinopinus pictus and other Staphylinids were common and diverse on both Bee Rock and China Camp, both west-facing beaches similar in beach slope.  Both Bee Rock and China Camp beaches tend to have very dispersed variable beach wrack and contain relatively moderate densities of upper beach infauna. China Camp and Bee Rock close in proximity and similar in morphology have drastically different populations of upper and lower beach infauna.  China camp beach is unique in the sense that the upper beach is back sloped creating a temporal lagoon just above the cusp of the beach.   This area, typically primary habitat for Megalorchestia spp. is often in transition and is likely the reason we observe lower than average abundance of upper beach infauna.  Differences in E. analoga populations are difficult to explain other than oceanographic conditions that shape E. analoga populations are highly variable along the west shore of Santa Rosa Island.  Bee Rock continues to harbor the most variable E. analoga populations of all the sampled beaches.  Total beach wrack remained within previous sampled levels at both beaches.



Ford Point, Becher's Pier, and Water Canyon are all refractive beaches and as such, accumulated little macrophyte wrack.  All three beaches are narrow and high tide frequently reaches the cliff face that backs the beaches.  Upper beach infauna densities remained relatively low compared to other beaches.  Emerita analoga densities were noticeably higher at Ford Point than during previous sampling efforts  Ford Point is on the south side of the island where upwelling is most prominent .  Upwelling areas are typically considered very productive and contain ample phytoplankton and organic particulate needed to sustain E. analoga populations.  The return of cooler water masses in 1999 appear to have had a positive influence on E. analoga populations at most sampled beaches and especially Ford point.  Water Canyon had a substantial portion of the ovigerous population in the 9.76 to 12.82 mm size classes.  


A total of 80 Tivela stultorum were captured during the August 1999 sampling.   Seven subtidal clams were recaptures from previous years including two transplants. The two captured clams previously marked for growth studies during subtidal transplants in 1989, were measured and observed to have ten distinct growth rings corresponding with each of the ten years since there placement.  The rings corresponding to the years 1997 and 1998 were notably thinner than and less distinct than the other rings inferring some growth impacts from 97/98 El Nino conditions.  Clams were 117mm and 110mm when collected and grew from 63 and 64mm respectively since being transplanted.


The 1999 Tivela stultorum population estimate was 3066 individuals, 30% higher than 1997 estimates and comparable to the 1990 estimates (Dugan et al. 1993).  The clam population appears to be stable when comparing population estimates from the last ten years.  This population is rarely exploited yet remains vulnerable.


Typically during spring tides, waves wash over the beach berm and flood the lagoons causing an outlet to form and the lagoons to empty. This influx of water and fluctuating level can greatly affect temperature.  In 1999, average rainfall at Santa Rosa Island, approximately 50 cm and winter/spring storms appear to have breached the lagoons thus creating mixed water masses within the lagoons. 
RECOMMENDATIONS

The recommendations and concerns expressed in the 1995 and 1997 annual report still apply.  This monitoring program remains unfunded and the monitoring effort continues to be performed at a subsistent level, with only half to two thirds of the beach sites being monitored.  No monitoring was done in 1998.  


 Recent events regarding the acquisition of the east end of Santa Cruz island and the inevitability of new marine reserves throughout Channel Islands National Park make it more imperative than ever to begin funding the Sand Beach Monitoring Program.  Beach organisms may be good indicators of water pollution and disturbance.  Sand beach communities are highly susceptible to oil pollution and this monitoring program can serve as valuable baseline information in the event of any oil spill.  Striving for annual consistency and expansion into new monitoring areas is vital to solidifying our understanding of Sand Beach and Coastal Lagoon resources.   While these areas remain understudied their importance to the overall nearshore ecosystem should not be overlooked. Channel Islands National Park beaches are but a few in the entire state that remain relatively unimpacted.
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Figure 2. Tivela stultorum mark-recapture markings.
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Sheet1

		

		Site		Brown algae		Egregia		Green algae		Macrocystis		Phyllospadix		Red algae		Tar		Total

		BB		0.00%		0.33%		5.67%		0.67%		5.33%		3.33%		0.00%		11.67%

		BR		0.00%		1.00%		0.00%		3.33%		7.67%		0.00%		0.00%		11.33%

		CC		0.00%		0.00%		0.00%		0.67%		0.67%		0.00%		0.00%		1.00%

		FP		0.00%		0.00%		0.00%		0.00%		2.00%		0.00%		0.00%		2.00%

		SP		3.00%		0.00%		0.33%		17.33%		14.33%		1.33%		0.00%		24.33%

		SW		2.33%		0.00%		0.00%		9.67%		33.00%		0.33%		0.67%		35.33%

		WC		0.67%		0.00%		0.00%		0.67%		0.67%		0.00%		0.00%		2.00%
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				SiteCode		Date		Amphipods/M		Alloniscus/M		Beetles/M		Staphylinids/M		Thinopinus/M		Excirolana/M

				BB		8/25/99		225.84		0.00		0.00		0.00		0.00		4106.33

				BR		8/24/99		4327.20		229.12		711.50		367.09		0.00		1872.36

				CC		8/25/99		789.43		306.11		184.29		204.84		0.00		1108.66

				FP		8/25/99		75.93		0.00		0.00		0.00		0.00		1406.03

				SP		8/24/99		4932.59		523.76		0.00		247.56		0.00		11023.48

				SW		8/26/99		25854.11		174.21		524.27		713.91		227.92		1213.44

				WC		8/23/99		111.80		0.00		0.00		0.00		0.00		279.48
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				SiteCode		Megalorchestia		Alloniscus		Beetles		Staphylinids		Thinopinus		Excirolana

				BB		13		0		0		0		0		253

				BR		94		5		16		8		0		41

				CC		34		13		8		9		0		48

				FP		5		0		0		0		0		88

				SP		188		21		0		10		0		448

				SW		914		6		18		25		8		43

				WC		9		0		0		0		0		22
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		Site		Site				Station		Depth		Secchi		Temp Surf.		Temp 10cm		Salinity Surf.		Salinity 10cm		Slope		Notes

				#		DATE		#		(CM)		Depth		°C		°C		ppt		ppt		(degrees)

		ORH		10		8/26/99		1		15		8cm		26		23.5		50		53				Corixids, Ruppia, Salicornia

		ORH		10		8/26/99		2		18		6cm		30		25		50		50.5				Ruppia/algae

		ORH		10		8/26/99		3		10		Bottom		25		26		28		31.5				oil sheen,white bacteria

		ORH		10		8/26/99		4		56		15cm		22.5		21		44		45

		ORH		10		8/26/99		5		46		6cm		24.5		22.5		50.5		50				Ruppia, low visiblity

		OR		11		8/26/99		1		<30cm		Bottom		20.5		20.5		36		38				Mouth closed

		OR		11		8/26/99				N/A				22.5				12						130 M upstream,fish,Ruppia

		OR		11		8/26/99				N/A								4						161 meters upstream

		OR		11		8/26/99				N/A								2						191 meters upstream

		OP		12		8/26/99		1		Dry														Dry not sampled

		SP		1		24-Aug-99								17.0				35				7.24

		BR		2		24-Aug-99								17.5				34				5.90

		CC		3		25-Aug-99								16.8				N/A				6.31

		FP		4		25-Aug-99								18.0				N/A				8.85

		SE		6		27-Aug-99								15.0				N/A				N/A

		WC		7		23-Aug-99								17.5				N/A				N/A

		BB		8		25-Aug-99								15.0				33				5.71

		SW		9		26-Aug-99								17.0				N/A				3.75
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Table 5

		

				Date		Count		Avg		StDev		Max size (mm)		Min size (mm)

				8/26/99		80		125.28		12.54		158		98

				Date		{u}		{r}		{m}		Population		Formula

				8/26/99		80		4		146		3066		Peterson

						{u} - Unmarked and Previous year marked

						{r} - Current year recaptures (1997)

						{m} - Marked individuals(1997) in the population at the time of the sample

						Peterson formula = m(u+r)/r
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