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SUMMARY

In 1988, the U.S. Army Corps of Engineersand the City of Seattle placed

fill material on the upper beach at Lincoln Park, in West Seattle, Washington.

The fill served to mitigate shorelineerosion that had caused undercuttingand

collapse of the seawall in several places. A series of pre- and post-

constructionstudi.=shave been conducted to assess the impacts to marine biota

of fill placement and subsequentmovement of surface substrates.

This study was designed to monitor infaunal bivalves and eelgrass from

intertidal areas in and adjacent to the area of original fill placement.

Findings from this survey were compared to previous survey results to

determine I) if recruitmentof infaunal bivalves to the fill area has

occurred, 2) if infaunal bivalve densitiesoutside the fill area are stable,

and 3) if eelgrass distributionand abundancehave remained stable along the

adjacent shoreline. To maximize comparabilityof findings from this survey

with previous studies, sampling techniques,transects, and tidal elevations

were consistent with previous studies at this site.

While much of the seawall at Lincoln Park remains protected by fill

material placed in 1985, a migration of cobble has occurred on lower beach

elevations and on the beach south of the park boundary. The clam populations

at Lincoln Park appear to be stable. Three measures of infaunal bivalve

community (density,size, and species distribution)indicate that the current

populations at Lincoln Park are very similar to pre-fill conditions in 1985.

The size and shape of eelgrass (Zosteramarina) patches have been

variable between different studies. Nevertheless,eelgrass has remained

established in most areas where it was been found before fill material was

placed on the upper beach. In addition,new patches of eelgrass were located

in 1993 that had not been identifiedin earlier studies. Eelgrasswas

transplantedfrom larger patches to an area with suitable substratewhere

eelgrass beds were documented in previous surveys.
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1.0 INTRODUCTION

In the fall of 1988, the U.S. Army Corps of Engineers - Seattle District,

and the City of Seattle comp]eted a project to rehabilitatethe seawall and

beach at Lincoln Park, in West Seattle, Washington. The project was designed

to mitigate shorelineerosion that had caused undercuttingand collapse of the

seawall in several places. One aspect of the rehabilitationeffort was

placement of fill on intertidalareas between +8 ft (2.4 m) and +4 ft (1.2 m)

mean low low water (MLLW). Fil! material was selected to duplicate substrate

that would naturally be found at the site.

A series of pre- and post-constructionstudies have been conducted to

assess the impacts to marine biota of fill placement and subsequent movement

of surface substrates. In 1985, Thom and Hampel (1985) completed a

pre-baselinestudy of benthic biota that focused on macroalgae and infaunal

bivalves occupying intertidalareas in and adjacent to the area of fill

placement. The dominant bivalves identifiedwere Protothacea staminea

(littleneckclams), Saxidomasgiganteus (butterclam), and Macoma sp.

Additional baseline studies focused on benthic fish prey resources (Hiss et

al. 1988) and eelgrass,Zostera marina L. (Thom 1988).

Post-constructionstudies of substrata,benthic infauna, and macroalgae

were completed in 1989 (Thom and Hallum 1989) and 1990 (Thom and Hamilton

1991). These studies documented slumping of finer-grainedmaterials from the

area of fill placement to lower elevations on the beach. Higher elevations in

the fill area had not been colonized by infaunal bivalves in 1990. This

finding, however, was not surprising. Higher intertidalelevations typically

do not support abundant populationsof infaunal bivalves. Mnreover, the

duration after fill placement may not have been sufficient to allow for

establishmentof bivalve populations.

The purpose of this study was to monitor infaunal bivalves and eelgrass

from intertidal areas in and adjacent to the area of original fill placement.

Findings from this survey in 1993 are compared to previous survey results to

determine I) if recruitmentof infaunalbivalves to the fill area has

occurred, 2) if infaunal bivalve densitiesoutside the fill area are stable,

and 3) if eelgrass distributionand abundancehave remained stable along the
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adjacent shoreline. To maximize comparabilityof findings from this survey

with previous studies, sampling techniques, transects, and tidal elevations

were consistent with previous studies at this site.

In addition to the introduction,this report contains a description of

the study area and field samplingmethods in Section 2.0 (Methods); a review

of observations related to substrate, infaunal bivalves, and eelgrass in

Section 3.0 (Results and Discussion);a summary of findings in Section 4.0

(Conclusions);a list of cited publications in Section 5.0 (References);and a

complete tabulation of data in an attached appendix.



2.0 METHODS

2.1 STUDY AREA

Sampling for infaunal bivalves (clams)and surface substrata occurred at

11 transectsestablished by Thom and Hampel (1985) (Figure2.1). These same

transects have been used in pre- and post-constructioninfaunal bivalve

studies conducted at Lincoln Park (Thom and Hampel 1985; Thom and Hamilton

1991). Transects 2 through 9 were within the area of original fill placement.

These transects were originally establishedusing one randomly selected point

on the seawall from which additional transectswere defined at 100-m

intervals. Two reference-areatransects, Transects I and 10, were located to

the north and south, respectively,of the fill area. Details of transect

selection and location are provided in Thom and Hampel (1985). The fill area,

or area of original fill placement, is defined by sampling stations at +4 ft

and +6 ft (1.8 m) MLLW elevation [and +8 ft in 1985 and 1990] at Transects 2

through 9. The reference area includestidal elevations below the fill area

[+2 ft (0.6 m), 0 ft (0 m), and -2 ft MLLW] at Transects 2 through 9 and all

sampling stations at referencetransects (Transects 1 and 10).

In 1993, transect heads were measured at 100-m intervalsand marked along

the seawall, starting with Transect 9. Sampling stations along each transect

were located at 2-ft (O.6-m) intervalsfrom +6 ft to 0 ft MLLW according to

magnetic angles and distances used in 1990 (Thom and Hamilton 1991). Three

additional sampling stationswere located at +4 ft MLLW midway between

Transects 5 and 6, 6 and 7, and 8 and 9. These stationswere added to

supplement sampling at the lower elevationlimit of the fill area, where

bivalve recruitmentwould be most likely. Sampling at the +8-ft MLLW

elevation was eliminated in 1993 because this elevationwas hi_her in the

intertidal zone than infaunal bivalves are normally found. No clams have been

found at this elevation in previous studies at the study site. In 1993, the

tidal elevation at O-ft MLLW stationswas verified with reference to the

predictedtidal height from U.S. government tide table informationfor

Seattle.





2.2 FIELD SAMPLING

2.2.1 Substrata and Bivalves

Field sampling for substrata and bivalves was conductedMarch 10 through

12, 1993. At each sampling station, a clear plastic 0.1-m2 quadrat with 50

randomly selected points was used to determine substrate cover. Substrate

type under each point was characterizedas cobble (5- to 15-cm diameter),

gravel (0.2- to 5-cm diameter), or sand (<O.2-cmdiameter). A methodical

survey of beach topography was not completed for this study. Because sampling

occurred in early spring, macroalgal cover was not well established,and it

was not characterizedfor this study.

Infaunal bivalves were sampled at the sa_,estationsmonitored for

substrata. At each sampling station, bivalves were collected from a 25-cm X

25-cm area (0.06-m2) excavated to a depth of >_30cm. Bivalves were retained

on a 1.3-cm screen and placed in bags for transport to t.,elaboratory.

Sedimentspassing through the screen were examined for the presence of small

bivalves (<1.3 cm).

In the laboratory,bivalveswere identified by species, and the valve

length was measured using calipers. The dry weight of soft tissues was

determined after tissues had been separated from the shells and dried at 60°C

for 24 h.

2.2.2 Eelqrass

Monitoring of eelgrass (Zosteramarina) was conducted on May 6, 1993. An

initial attempt on April 8 was hindered by onshore winds and breaking waves,

which limited access and visibility at low intertidaland subtidal areas. The

monitoring approach for eelgrass was designed I) to replicate sampling

techniques used for previous studies, 2) to locate and monitor previously

identifiedeelgrass patches, 3) to survey for eelgrass patches established

since 1990 monitoring, and 4) to survey the study area for suitable eelgr_ss

substrate. Since 1985, eelgrass monitoring at Lincoln Park has used O-ft MLLW

stations identified in 1985 at each transect (Transects2 - 10) as the

baseline for location of eelgrass patches. In 1993, these stations were

marked with flagged stakes. Patches of eelgrass were located and surveyed for

the following characteristics: patch shape, size (length,width, or
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diameter), tidal elevation, shoot density, general substratecharacteristics,

and location relative to the nearest flagged stake. Shoot density was

estimated from a O.1-m2 quadrat randomly tossed in the patch one or more

times. Water depth and highly turbid water during field sampling prevented

shoot density measurements in some eelgrass patches. Tidal elevation was

estimated from the O-ft MLLW stations.

Transplanting of eelgrass plants was completed on July 19, I_93, during

an extremely low tide. Earlier transplantingefforts in the spring were

hampered by several factors. Healthy beds of eelgrass are a limited resource

in the area. At Lincoln Park beach, the only apparent source of eelgrass

shoots for transplanting is near Transect 10 (patches 1-5). Removal of shoots

from other areas at Lincoln Park is likely to have a negative impact on the

eelgrass patches, which are relatively small, sparse, or limited to a narrow

band on the beach. In addition, suitable substrate for eelgrass survival is

limited along the lower intertidaland shallow subtidal beach adjacent to the

fill area. During field sampling in the spring, breaking waves prevented

access tc subtidal beach elevations with suitable eelgrass habitat (e.g., soft

substrate).

In May and July 1993, the beach was surveyed for sites suitable for

eelgrass transplantingand enhancement. Beach elevations below 0 ft MLLW were

examined for areas of soft substrate (i.e., sand and mud) that were free from

significantvegetative colonization. Most of this elevation at Lincoln Park

between the south boundary and the Coleman Pool is dominated by cobble and

boulders or algae cover. A large area between Transects 5 ana 6 was selected

for two reasons: I) a large expanse of clean sand covered the bottom at -2 ft

MLLW and deeper, and 2) eelgrass had been established in this area in previous

years (patch 8 from Thom 1988, Thom and Hallum 1989).

Eelgrass stock for transplantingwas dug from large, shallow subtidal

patches near Transect 10, just north of the Fauntleroy ferry terminal. Mats

of rhizomes were separated into pieces without excessive fractionationof the

rhizomes. Shoots with living blades were groupec_into bundles of 5 (n : 30)

or 10 (n = 25) and bound with paper and wire twist-ties. The majority of the

eelgrass blades were approximately0.3 to 0.6 m long. Eelgrass was kept moist

during transport to the site selected for enhancement. At the enhancement
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site, eelgrass bundles were transplantedto their original depth in the

sediment and spaced 0.4 to 0.6 m apart. Rhizomes were covered with sediment,

and a hooked wire anchor (_2.4 cm long) was pressed into the sediment to hold

each bundle in place. Transplantswere distributed into two rectangular

patches centered at 20.8 m and 27.8 m from Transect 5, 0 ft MLLW (1985 data).

The transplantswere placed between -3 ft (0.9 m) and 0 ft I%LW. The patch

located 20.8 m from Transect 5, 0 ft MLLW, had a small number of plants near

+2 ft MLLW.



3.0 RESULTS AND DISCUSSION

3.1 GENERAL OBSERVATIONS

Fill material or beach substratewas generally 0.3 to 0.6 m below the top

of the seawall. Over most of the fill area, a band of logs formed a

relatively level shelf approximately2 m wide and provided some protection for

the upper beach near the seawall. A limited band of vegetation (e.g., dune

grass and wild flowers) has established itself near the seawall on portions of

the upper beach. Below the band of logs, the beach sloped more steeply toward

the water. Although the bulk of the fill material appeared to have remained

in the area of original placement,migration of the fill material was evident,

as discussed below. Evidence of extensive disturbance from recreationalclam

digging was noted during field work in July 1993, particularlynear Transects

4 and 5.

3.2 SUBSTRATA

Results of substratacharacterizationare combined with bivalve sampling

data and summarized in Tables 3.1 and 3.2. Data from 1993 are presentedwith

results from previous studies to allow for comparisonsof pre-construction

conditions (1985) and post-constructionconditions (1990 and 1993). An

increase in cobble on the beach surface at some locations indicated a

migration of fill material outside the area of original placement. To analyze

for these trends, substrate characterizationsfrom 1993 were compared to data

collected approximatelyone half year after placement of fill (Thom and

Hamilton 1991). The values for substratepercent cover in 1990 may be

misleading because the values for the four substratetypes do not sum to 100%.

This is because other parameters (e.g., algal and barnacle c_:ver)were

included in the estimation of cover. For statisticalanalyses, 1990 substrate

cover values were adjusted to total 100% for the four su_strate types to

accommodate this difference in the data.

A migration of cobble has occurred onto the beach south of the park

boundary, toward Transect 10. This observationwas supported by a property

owner who stated that the beach surface in the area south of the park had been

predominantly sand. Data from 1990 indicate that surface substrate along

9
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Transect 10 was dominated by gravel on the upper beach (_+2-ftelevation) and

sand or mud on the lower beach. In the spring of 1993, cobble formed the

dominant substrate between +2 ft and +6 ft MLLW in a band that was continuous

with Transect 9, the southern limit of initial fill placement. Comparison of

1990 and 1993 data indicatesa significant increase in surface cobble deposits

at Transect 10 between 1990 and 1993 (t-test, p <0.05).

Over the entire study area there appears to have been a redistributionof

cobble to beach elevations below the fill area. Although the mean percent

cover by cobble decreased at +4-ft elevation: and increasedat +2-ft

elevations between 1990 and 1993, these differenceswere not statistically

significant. Analysis of percent cover with cobble and gravel combined

provides the same results. Figure 3.1 shows the study area with the location

of the toe of fill in 1990 and 1993, as indicatedby a substratadominated by

unvegetatedcobble, lt appears that fill material has migrated down the beach

to lower elevations since 1990.

Accretion of sediments has occurred at Williams Point near the Coleman

Pool (Transect2). Sampling stations on Transect 2 from 1990 (based on

distance from the seawall) were approximately2 ft MLLW higher in 1993 than in

1990. As a result, sampling stations on Transect 2 were adjusted in 1993 to

corrc_pond to the appropriatetidal elevation, lt is uncertain, however, if

the source of these accretingsediments is fill material or other materials.

In 1993, gravel and sand dominated stations at Transect 2, yet in 1990 cobble

formed the dominant substrate.

3.3 INFAUNAL BIVALVES

3.3.1 Density

The density of infaunal bivalves in the fill area was sparse in 1993

(mean density = 0.32 clams/O.06m2; Table 3.2). In 1993, a total of 6 clams

were found at 5 of the 19 sampling stations within the fill area. The

majority (83%) of the clams found in the fill area were littleneck clams,

P. staminea. The only other species found in the fill area in 1993 was the

butter clam, S. giganteus (17%). No small bivalves (<1.3 cm) were noted in

fill-area sediments that passed through the screen.

11
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Previous surveys of infaunal bivalves also found clams at relatively few

sampling stations and at low densities (Table3.2). The pre-construction

survey in IgB5 (Thom and Hampel 1985) had 5 of 24 fill-area stations with

bivalves. The first post-constructionsurvey (Thom and Hamilton 1991) had 2

of 27 fill-area stations with bivalves. The upper limit of clam distribution

has been +6-ft MLLW, where clams were found in 1985 (Transect5) and 1993

(Transect 9). P. staminea has consistentlybeen the dominant bivalve species

in the fill area.

The high percentage of sampling stations with no clams present limits

statistical tests for trends or between-yearcomparisons in bivalve density.

For example, the mean of 0.07 clams/O.06m2 in 1990 was based on clams in only

7% of the sampling stations from the fill area. When this occurs, data are

better examined using tests of association (i.e., R X C contingencytables;

Snedecor and Cochran 1980) rather than conventionalcomparison tests (e.g.,

t-test or analysis of variance).

No significantassociationwas found between infaunal bivalve density in

the fill area and survey year (p-O.1). This means there has been no

detectable change in infaunal bivalve density in any of the three years of

study. Mean infaunal bivalve density in the fill area has been consistently

low, ranging from 0.07 to 0.42 clams/O.06 m2 between 1985 and 1993

(Table 3.2). The lowest mean infaunaldensity was found in 1990,

approximately6 months after fill placement. In addition, the 1990 survey had

the lowest percentage of sampling stations from the fill area with infaunal

bivalves present (21%, 7%, and 26% in 1985, 19_0, and 1993, respectively).

These two measures indicate that infaunalbivalve populations in the fill area

may have been depressed slightly after fill placement, but were very _imilar

in pre-fill and current surveys.

In reference areas, infaunal bivalve density has been relatively stable.

Mean bivalve density in reference areas has ranged from 2.21 to

4.60 clams/O.06 m2 between 1985 and 1993 (Table 3.2). The highest density was

found in 1993. Juvenile clams (<1.3 cm) were present at +2-ft stations in

1993 when small individualsof Macoma sp. were found at Transect 8, and

P. staminea plus S. giganteuswere found at Transect 6.

13



Sampling stations in the reference area with a relatively high density of

clams (>_6clams/O.06 m2) were more frequent in 1993 than in previous years

(p <0.I). Nonetheless,the same analysis indicatedthat sampling stations

with a modest density of clams (I to 5 clams/O.06m2) were less frequent in

1993 than in 1985 or 1990 (p <0.1). The later findingwas based, however, on

a small number of observations(i.e., 2) in 1993. The biological significance

of these findings is unclear.

The goal of infaunal bivalve habitat enhancement encompasses the entire

intertidal area. Therefore, an analysis of bivalve density was conducted that

included stations from the entire tidal range sampled at transects where fill

was placed (+2 ft to 0 ft MLLW stations at Transects 2 through 9). This

analysis also failed to indicate any statisticallysignificant difference in

bivalve density between years. Nevertheless,three positive indicators from

this area in 1993 are I) a increase since 1990 in the percentage of stations

where clams were found (25%, 10%, and 26% in 1985, 1990, and 1993,

respectively),2) a greater number of stationswith a relatively high infaunal

bivalve density (7, 5, and 9 stations in 1985, 1990, and 1993, respectively),

3) a greater total number of bivalves found (108, 69, and 111 in 1985, 1990,

and 1993, respectively).

3.3.2 Bivalve Biomass and Valve Length

The mean total biomass of infaunal bivalves was estimated to be lower in

1993 than in previous years over the entire study area (Table 3.1) and in both

fill and reference areas (Table 3.2). A significantdecrease (p-O.05)has

occurred since 1985 in the number of stationswith relatively high infaunal

bivalve biomass (>40 mg dry weight). This finding, however, may not be an

accurate assessment. Discrepanciesin the data from different years suggest

that uncontrolledfactors (e.g., stomach content contributionto tissue

weight, seasonal variation in gonadal and other tissues) contribute to

variability in dry tissue weight.

Clam valve (shell)length, in combinationwith clam density, is a more

controlled measure of changes in biomass than tissue dry weight. Tilemean

valve length for the three dominant species of infaunal bivalves is summarized

for 1985, 1990, and 1993 in Table 3.3. This table incorporatesclam data from
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both fill and reference area stations because few infaunal bivalves are

present in the fill area. The mean and standard deviation in valve length

have been consistent between 1985 and 1993. This indicatesthat the age

distributionof the dominant infaunal bivalve species has remained stable

after fill placement. These data provide no indicationthat infaunal bivalve

recruitmentto the beach has been impaired or enhanceu by fill placement and
subsequent redistribution.

3.3.3 _pecies Composition

The population of infaunal bivalves in intertidal areas of Lincoln Park

is dominated by three clams, P. staminea,S. giganteus, and Macoma sp., which

have constituted approximately80% or more of clams sampled each year. The

littleneck clam, P. staminea,has consistentlybeen the dominant species

found. Three additional species comprise a small percentage of clam samples

(<6% of all clams found) in all 3 years. Tresus capax (gaper or horse clam),
Clinocardiumnuttallii (cockle),and Tapes japonica.

Although all Macoma collected in 1993 were initially identified as

M. nasuta, previous studies have identifiedall Macoma as M. inquinata. Clam

shells from bivalve collections in March 1993 were discarded before this

discrepancy could be clarified. Macoma found in July between Transects 5 and

6 were identified as M. inquinata, lt is likely that some Macoma were

misidentified in March 1993. Nevertheless,both species of Macoma may be
present at Lincoln Park beach.

3.4 EELGRASS

As has been shown in previous studies (Thom and Hampel 1985; Thom and

Hamilton 1991), Zostera has a limited distributionat Lincoln Park. In most

areas where eelgrass is found, it is confined to a narrow band at lower

intertidal and shallow subtidal depths. Eelgrass was most healthy (i.e.,

dense and long) in areas dominated by sandy substrate. Smaller patches and

sparse densities of eelgrass were found where cobble is mixed with sand on the

substrate surface. As was found in 1990, not all eelgrass patches identified

in 1985 were found in 1993. Yet, healthy beds of eelgrass were found at

locationswhere eelgrass had not formerly been surveyed. Findings from
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eelgrass surveys in 1993 are summarized in Table 3.4. The locations of

eelgrass patches are shown in Figure 3.1.

The most extensive eelgrass beds in the study area are located north of

the reference transect (Transect10). Clean sand forms the substrate for

eelgrass beds that start at approximately-2 ft MLLW and extend several meters

into deeper water. The outer limits of these eelgrass beds could not be

located because of water depth and wave activity. North of Transect 10, an

area 2+ m wide and 63 m long has eelgrass covering 40_ of the surface in

numerous patches from one to severalmeters long. These could not be

identified as patches defined in previous studies (i.e., patches I - 5).

Nevertheless,eelgrass beds in this area appear to have expanded approximately

20 m farther northward since 1990. To the north, eelgrass ends where the

substrate becomes _ominated by cobble. In 1993, no eelgrass was found south

of Transect 10 (towardthe ferry dock) where clean sand would appear to

provide a suitable substrate for eelgrass.

In the lower intertidal areas adjacent to the fill area, most of the

eelgrass patches surveyed in 1990 remained in 1993. Moreover, eelgrass has

become established in new patches not previously identified (Table 3.4). A

new, small (2-m2 area) patch of eelgrass was found south of Transect 6

(patch 6.5). Patch 7, not found in 1989 (Thom and Hallum 1989) or 1990 (Thom

and Hamilton 1991), was well establishedin 1993. In addition, several small,

sparse patches of eelgrass were found inshore from patches 10 - 15, at

approximately-I ft MLLW in the area north of Transect 3 (patch 20).

In 1993, the densest eelgrass patches adjacent to the original fill area

were located in a narrow band (i to 2 m wide) near Williams Point. Formerly

identified as patches 10 - 15, the eelgrass formed two distinct patches in

1993. This eelgrass was located in a band of sandy substratewith -2.5 ft

(0.75 m) MLLW as the upper limit. The eelgrass was surrounded by brown algae,

Alaria and Sargassum, that was growing on cobble and boulders at lower and

higher elevations on the shore.

The lower intertidal and subtidal beach elevations from the fill area

(betweenTransects 2 and 9) has only marginal eelgrass substrate. Two

relatively large beds of eelgrass,patches 17 and 18, are patchy and sparse
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beds located in mixed sand and cobble. Where patch 18 covers an area 400%

larger than that found in 1990 (300 m2 vs. 72 m2), patch 17 is only 15% of its

1990 size (84 m_ vs. 540 m2). Two other patches (6.5 and 7) are small but

dense, healthy beds located in small pockets of sand.

The beach at Lincoln Park in the fill area is subject to pounding waves

when strong southerly winds occur. Periods of high wave energy that coincide

with low tides could cause significant destruction to eelgrass beds through

erosion of sediments and transport of larger substrate materials, lt appears

that interannual variability of eelgrass beds is a natural phenomenon at

Lincoln Park, and it may be related to wave energy and sediment transport.

Long-term health of Zostera beds is dependent on the presence of suitable

su_strate (e.g., sand with relatively little gravel and cobble), lt is

unclear if changes to eelgrass beds adjacent to the fill area are related to

introduction of coarser materials from the fill or other natural events.

Recreational clam digging is another factor that may contribute to

instability of eelgrass in some portions of the beach at Lincoln Park. In

July 1993, the beach between Transects 4 and 5 near -2-ft and O-ft elevations

was widely disturbed by recent clamming holes. Digging had occurred in an

area of sparse eelgrass colonization (patch 18). Fortunately, most eelgrass

is located below 0 ft MLLWin areas where access by recreational clammers is

limited by the tidal cycle.

Long-term viability was the primary consideration in selection of the

site for eelgrass enhancement through transplanting. Substrate, tidal

elevation, and competition from other marine vegetation were evaluated to

maximize the potential for successf_l transplanting. This site should be

monitored in the future to determine the success of the transplant effort.
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4.0 CONCLUSIONS

The seawall from the study area at Lincoln Park remains protected by fill

material placed in 1985. Nevertheless,a migration of fill material appears

to have occurred onto lower beach elevations (+2 ft MLLW) and toward the

south, toward Transect 10.

The clam populations at Lincoln Park appear to be stable. Three measures

of the infaunal bivalve community - density, size, and species distribution-

indicate that there has been no measurable change in populations at Lincoln

Park since 1985. Although enhancementof infaunal bivalve populations at

Lincoln Park beach has not been realized, several findings imply positive

developmentsin infaunal bivalve populationsat Lincoln Park. The percentage

of sampling stations with infaunal bivalves,the number of stations with

relatively high bivalve density (>_6clams/O.06m2), and the total number of

clams found at the beach in or bel_,'_the fill area all show improvement since

1990. The influence of recreationalt!am harvestingon the infaunal bivalve

population is an uncontrolledvariable that impactsthe results of intertidal

surveys.

While the size and shape of many of the eelgrass patches have changed

since 1985 and 1990, viable beds remain established in most areas where

Zostera had previously been surveyed. Moreover, eelgrass was found in 199._in

two locations where it had not formerly been located. The limiting factor at

Lincoln Park appears to be suitable substrate. The majority of the lower

intertidal and shallow subtidal beach at Lincoln Park is dominated by gravel,

cobble, and boulders. Eelgrass is currentlyestablished in some areas with

mixed sand and cobble substrates,but it is genera!iy very sparse and small.
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A.I. Data File for Bivalve Length and Dry Weight Data, Lincoln Park
1993

Lincoln Park Bivalve Survey
1993

Filename: bivalve.wk3

Species code I = S.giganteus butter
2 = P.staminea littleneck

3 = T.capax gaper/horse
4 = M.nasuta b_ntnose
5 = C.nuttalli cockle

Tissue
Data# Transect ElevationSpecies Length DryWeight notes

mm g
I I 0 2 33.2 0.6373
2 I 0 2 40 1.3202
3 I 0 I 69.6 9.279
4 I 0 2 19 ND(a)
5 I 0 1 69 7.6696
0 i 0 2 47.3 1.7007
7 I 0 2 27 0.2773
8 I 0 I 64.1 5.2943
9 I 0 I '60.6 4.1282 1.4754
10 4 0 3 118.9 30.4935
11 4 0 I 84.2 17,4405
12 4 0 1 77.4 12.1172
13 4 0 1 85 21.973
14 4 2 I 17.8 0.1578
15 5 0 4 40.6 0.5408
16 5 0 4 47.9 0.8788
17 5 0 4 35.6 0.4011
18 5 0 4 42.4 0.6359
19 5 0 4 40.2 0.4919
20 5 0 4 38.7 0.5611
2i 5 0 I 19.1 0.0802
22 5 0 I 22 0.0659
23 5 0 3 59 2.4495
24 5 0 2 29 0.2813
25 5 0 2 29.7 0.3287
26 5 0 2 25.2 0.1948
27 5 0 2 30.5 0.3846
28 5 2 1 18.6 0.0702
29 5 2 4 19.6 0.0835
30 5 2 2 24.8 0.1479
31 5 2 I 31.6 0.5558
32 5 2 ? 25.8 0.1875
33 5 2 I 31.7 0.3278
34 5 2 1 27.7 0.253

A.I



A.I. CONTD.

35 5 4 2 17.3 0.0419
36 6 0 4 38.1 0.4982
37 6 0 I 25.2 0.1792
38 6 0 I 35.2 0.551
39 6 0 3 48.3 1.4132
40 6 0 5 50.5 2.4864
41 6 0 2 22.5 0.2146
42 6 0 2 29.1 0.3031
43 6 0 5 73.8 9.0288
44 6 0 2 21.8 0.1411
45 6 2 4 32.8 0.2521
46 6 2 4 ND 0.2331
47 6 2 2 51.8 3.2884
48 6 2 4 35 0.5362
49 6 2 4 35 0.2674
50 6 2 I 69.3 6.8561 shellbroken
51 7 0 2 23 0.2006
52 7 0 2 18.3 0.0843
53 7 0 2 35.6 0.7342
54 7 0 4 26.7 0.1401
55 7 0 I 43.7 1.1948
56 7 0 1 33.7 0.528
57 7 0 I 30 0.3969
58 7 0 2 39.4 1.2915
59 7 0 2 24.3 0.1954
60 7 0 2 26.6 0.2221
61 7 0 2 28.3 0.3441
62 7 0 2 43.2 1.5847
63 7 0 2 28.3 0.3386
64 7 0 2 46.2 1.7339
65 7 0 2 39 0.9812
66 7 0 2 36.9 0.8125
67 7 0 2 18.9 0.074
68 7 0 2 27.4 0.2733
69 8 0 I 75.3 8.7101
70 8 0 2 33.3 0.5247
71 8 0 4 33 0.2613
72 8 0 2 25.5 0.2488
73 8 0 2 37.5 0.7871
74 8 0 2 30.2 0.4141
75 8 0 2 30.4 0.433
76 8 0 I 35.9 0.5473
77 8 2 2 31.3 0.3789
78 8 2 2 31.4 0.4081
79 8 2 2 34.2 0.537
80 8 2 2 20.5 0.101
81 8 2 2 41.1 0.9527
82 8 2 2 31.5 0.4378
83 8 2 2 ND 0.1844
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TABLE A.I. CONTD.

84 8 2 3 33.4 0.2708
85 8 2 3 43.5 0.889
86 8 2 4 18.1 0.0552
87 8 2 3 ND 0.9531
88 8 2 2 17.5 0.1278
89 8 2 2 28.2 0.3042
90 8 2 2 18.4 0.0954
91 8 2 2 27.5 0.2899
92 8 2 1 33.4 0.4295
93 8 2 1 22.1 0.1212
94 8 2 I 29.5 0.2691
95 8 2 I 34.4 0.5415
96 8 2 I 18.9 0.094
97 8 2 I 37.5 0.6167 shellbroken
98 8 2 2 22.2 0.201
99 8 2 I 32.8 0.4125
100 8 2 2 26.7 0.2473
101 8 2 2 27 0.2757 shellbroken
102 8 2 2 33.1 0.5224
103 8 2 2 24.6 0.2022
104 8 2 2 27.8 0.2949
105 8 2 2 31 0.3686
106 8 4 I 21.4 0.1372
107 8.5 0 2 ND 0.9434
108 8.5 0 4 38.4 0.473
109 8.5 0 I 76.2 6.9407
110 8.5 0 2 31.2 0.3964
111 8.5 0 2 27.8 0.3343 shelIbroken
112 8.5 0 2 46.3 1.5667
113 8.5 4 2 29.1 0.3043
114 9 2 4 34 0.2552
115 9 2 4 19 0.056
116 9 2 4 12.2 0.0172
117 9 2 4 19.4 0.0629
118 9 2 6 36.7 0.5021
119 9 2 2 21.8 0.1096
120 9 2 2 22 0.1913
121 9 2 I 50.4 2.7041
122 9 4 2 21 0.2193
123 9 6 2 26.6 0.2553
124 9 6 2 22.5 0.1669
125 10 0 3 40.7 0.7224

(a) ND = No data collected
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TABLE A.2. Data File for Bivalve Density Data, Lincoln Park 1993

Lincoln Park Bivalve Survey
March 1993
Filename: bivsum.wk3

Species code I = S.giganteus butter
2 = P.staminea littleneck
3 = T.capax gaper/horse
4 = M.nasuta bentnose
5 = C.nuttalli cockle
6 = T.japonica Japanese littleneck

Total Total Total Total Total Total Total

Data# Transect Elevatio#clams # Sp. I # Sp. 2 # Sp. 3 _ Sp, 4 # Sp. 5 # Sp. 6

I I 0 9 4 5 0 0 0 0
2 I 2 0 0 0 0 0 0 0
3 I 4 0 0 0 0 0 0 0
4 1 6 0 0 0 0 0 0 0
5 2 0 0 0 0 0 0 0 0
6 2 2 0 0 0 0 0 0 0
7 2 4 0 0 0 0 0 0 0
8 2 6 0 0 0 0 0 0 0
9 3 0 0 0 0 0 0 0 0
10 3 2 0 0 0 0 0 0 0
11 3 4 0 0 0 0 0 0 0
12 3 6 0 0 0 0 0 0 0
13 4 0 0 0 0 0 0 0 0
14 4 2 I i 0 0 0 0 0
15 4 4 0 0 0 0 0 0 0
16 4 6 0 0 0 0 0 0 0
17 5 0 14 3 4 I 6 0 0
18 5 2 7 4 2 0 I 0 O
19 5 4 I 0 I 0 0 0 0
20 5 6 0 0 0 0 0 0 0
21 6 0 9 2 3 I i 2 0
22 6 2 6 I I 0 4 0 0
23 6 4 0 0 0 0 0 0 0
24 6 6 0 0 0 0 0 0 0
25 7 0 18 3 14 0 I 0 0
26 7 2 0 0 0 0 0 0 0
27 7 4 0 0 0 0 0 0 0
28 7 6 0 0 0 0 0 0 0
29 8 0 8 2 5 0 I 0 0
30 8 2 29 7 18 3 I O O
31 8 4 i I 0 0 0 0 0
32 8 6 0 0 0 0 0 0 0
33 8.5 0 6 I 4 0 I 0 0
34 8.5 4 I 0 i 0 0 0 0
35 5,5 4 0 0 0 0 0 0 0
36 6.5 4 0 0 0 0 0 0 0
37 9 0 0 0 0 0 0 0 0
38 9 2 7 i 2 0 4 0 i
39 9 4 I 0 I 0 0 0 0
40 9 6 2 0 2 0 0 0 0
41 10 0 I 0 0 I 0 0 0
42 10 2 0 0 0 0 0 0 0
43 10 4 0 0 0 0 0 0 0
44 10 6 0 0 0 0 0 0 0
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TABLE A.3. Data File for SubstrateCharacterizationData, Lincoln Park 1993

Lincoln Park Study
March 1993
FiIename: cover,wk3

substratecodes I = cobble
2 = gravel
3 = sand

Original
Transect ElevationSubstrate Data % Cover

I 0 1 11 22
I 0 2 39 78
I 0 3 0 0
I 2 I 48 96
I 2 2 2 4
I 2 3 0 0
I 4 I 46 92
I 4 2 2 4
I 4 3 2 4
I 6 I 44 88
I 6 2 5 10
I 6 3 1 2
2 0 1 7 14
2 0 2 35 70
2 0 3 8 16
2 2 I 12 24
2 2 2 29 58
2 2 3 9 18
2 4 I I 2
2 4 2 4 8
2 4 3 45 90
2 6 I 10 20
2 6 2 36 72
2 6 3 4 8
3 0 1 24 48
3 0 2 22 44
3 0 3 4 8
3 2 I 5 10
3 2 2 33 66
3 2 3 12 24
3 4 I 1 2
3 4 2 13 26
3 4 3 36 72
3 6 I 0 0
3 6 2 44 88
3 6 3 6 12
4 0 I 40 80
4 0 2 0 0
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TABLE A.3. CONTD.

4 0 3 10 20
4 2 I 23 46
4 2 2 10 20
4 2 3 17 34
4 4 I 5 10
4 4 2 37 74
4 4 3 8 16
4 6 I 24 48
4 6 2 26 52
4 6 3 0 0
5 0 I 16 32
5 0 2 17 34
5 0 3 17 34
5 2 I 39 78
5 2 2 11 22
5 2 3 0 0
5 4 I 33 66
5 4 2 4 8
5 4 3 13 26
5 6 I 50 100
5 6 2 0 0
5 6 3 0 0
6 0 i 9 18
6 0 2 0 0
6 0 3 41 82
6 2 I 31 62
6 2 2 I 2
6 2 3 18 36
6 4 I 48 96
6 4 2 2 4
6 4 3 0 0
6 6 I 50 100
6 6 2 0 0
6 6 3 0 0
7 0 I 15 30
7 0 2 0 0
7 0 3 35 70
7 2 I 46 92
7 2 2 0 0
7 2 3 4 8
7 4 I 15 30
7 4 2 3 6
7 4 3 32 64
7 6 I 48 96
7 6 2 2 4
7 6 3 0 0
8 0 i 38 76
8 0 2 6 12
8 0 3 6 12
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TABLE A.3. CONTD.

8 2 I 44 88
8 2 2 5 10
8 2 3 I 2
8 4 I 44 88
8 4 2 4 8
8 4 3 2 4
8 6 I 41 82

• 8 6 2 9 18
8 6 3 0 0

8.5 0 I 45 90
8.5 0 2 3 6
8.5 0 3 2 4
8.5 2 I ND(a) 0
8.5 2 2 ND 0
8.5 2 3 ND 0
8.5 4 I 49 98
8.5 4 2 0 0
8.5 4 3 1 2
8.5 6 I ND 0
8.5 6 2 ND 0
8.5 6 3 ND 0
9 0 1 34 68
9 0 2 6 12
9 0 3 10 20
9 2 I 17 34
9 2 2 33 66
9 2 3 0 0
9 4 I 18 36
9 4 2 30 60
9 4 3 2 4
9 6 I 25 50
9 6 2 25 50
9 6 3 0 0
10 0 I 3 6
10 0 2 3 6
10 0 3 44 88
10 2 I 21 42
10 2 2 25 50
10 2 3 4 8
10 4 I 9 18
10 4 2 37 74

• 10 4 3 4 8
10 6 1 9 18
10 6 2 37 74

' 10 6 3 4 8

(a) ND = No data collected
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