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CONVERSION FACTORS

Metric units are used in this report. For those readers who prefer to use inch-pound units the
conversion factors are given below. .

Multiply metric unit by To obtain inch-pound unit
Length

millimeter (mm) 0.03937 inch (in.)

centimeter (cm) 0.3937 inch (in.)

meter (m) 3.281 foot (ft)
Area

square meter (m2) 10.76 square foot (ft?’)
Volume

cubic meter per second (m3/s) 35.31 cubic ft per sec. (ft3/s)
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TEMPORAL VARIATIONS IN THE BENTHIC COMMUNITIES AT FOUR INTERTIDAL SITES

IN SAN FRANCISCO BAY, CALIFORNIA, 1983-85

by D. R. Hopkins

ABSTRACT

Benthic core samples were collected monthly from January 1983 through January 1985 at four
intertidal sites in San Francisco Bay, California, two in the northern part of the bay (North Bay) and
two in the southern part of the bay (South Bay). Considerable variation was observed in numbers of
species and individuals at the four sites, and abundances within species varied widely. Temporal
changes in species abundances appeared to be related to freshwater inflow patterns and resultant salinity
variations in the estuary. The 1982-83 winter season was extremely wet, with heavy freshwater inflow
to the bay from January through March, whereas the 1983-84 winter was closer to a normal pattern,

with most rainfall occurring from November through January.

Species were grouped into four categories depending on their patterns of abundance during the
two-year period. Species that showed an abundance peak in the North Bay in 1983 only were Coro-
phium sp.B and a Chironomidae larva, apparently responding to the extended period of lowered salinity
throughout spring and early summer. Species with an abundance peak only in 1984 included Coro-
phium acherusicum, Eteone californica, Nereis succinea, and Grandidierella japonica, typical estuarine
species that might have been suppressed during the extended freshwater inflows in 1983. Species with
peaks in both years were Gemma gemma and Ampelisca abdita in the South Bay; both showed strong
seasonal variations. A number of species in both North and South Bays, including dominant members
of the intertidal community such as Macoma balthica and Streblospio benedicti, did not show any con-

sistent seasonal or year-to-year trends.

Results of this study suggest that the intensity and timing of freshwater inflow to San Francisco
Bay, particularly higher-than-normal inflow during late spring and early summer, may be an important

factor in determining the composition of the intertidal benthic communities.



INTRODUCTION

Purpose and Scope

Benthic core samples were collected monthly at four sites in San Francisco Bay, California, in
conjunction with a 2-year study of growth in the tellinid clam Macoma balthica (Thompson and
Nichols, 1987). That study was designed to assess the relation between Macoma growth rates and in
situ food supply, using clams implanted monthly in containers at the four sites. The core samples
described in this study were initially used to compare growth rates of the natural Macoma populations
with the implanted spccimens. In this report, the same core samples are used to describe the species
composition of the benthic community at each of the sites.

This report summarizes the data from the benthic core collections and discusses some of the
sampling results in terms of seasonal changes and year-to-year trends. Most benthic studies in San
Francisco Bay have been limited to one area of the bay or have involved infrequent sampling (see
Nichols, 1973, Hopkins, 1986, for review and listing of benthic studies). Accurate characterization of
seasonal changes in the benthic community can be made only with frequent sampling (Nichols, 1985);
the monthly samples collected during the present study should be highly useful in such characterization.

Methods

Four upper intertidal mudflat sites in San Francisco Bay (fig. 1) were sampled during this study:
two sites in the northern part of the bay (North Bay) and two in the southern (South Bay). Site 1, on
the eastern shore of Southampton Bay on Carquinez Strait, is located approximately 10 m from the
marsh edge. The second site is near the southeast side of Midshipman Point in San Pablo Bay and is
also about 10 m from the edge of the marsh. The third sample site, on the east shore of South Bay at
Hayward Landing, is located approximately 8 to 10 m bayward of the ruins of a rock jetty. Site 4 is
located near Sand Point, Palo Alto, at the southern end of San Francisco Bay, 12 m from the edge of
the marsh. This site is the "station 45" described in the 10-year benthic study of Thompson and
Nichols (1984).

Sediment textures, wave and wind exposures, and salinity and temperature regimes throughout the
1983 to 1985 study period are described by Thompson and Nichols (1987). The 1982-83 water year
(October 1982 through September 1983) was exceptionally wet (California Department of Water
Resources, 1984), with heavy rainfall from late January through March. The 1983-84 water year was
classified as an overall "wet" year (California DWR, 1985) because of above-normal rainfall during the
months of November and December, though precipition was well below normal for the remaining three
quarters. These rainfall patterns were reflected in the rates of freshwater inflow to the bay (fig. 2) and
in the salinity levels recorded at or near each sampling site in 1983 and 1984 (fig. 3).

Two rectangular cores, 16.5 x 10 cm and 23 cm deep, were taken at each station, monthly from
January 1983 through January 1985, except in February 1983 at the Southampton station and in
November 1984 at all stations, when tides and weather conditions did not permit daylight sampling.
Samples were washed on a 0.5-mm screen, preserved in formalin for at least 72 hours, stained with rose
bengal, and sorted. Animals were identified to species as completely as possible, counted, and stored in
70 percent ethanol.
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BENTHIC ABUNDANCES

Major Species and Total Counts

The major species collected at the four sampling sites are listed in Table 1. "Corophium spp.”
refers to animals that could not be identified either because they had crucial parts missing or because
they were females of species that are indistinguishable in existing keys. A number of other taxa listed
as "sp." or "spp." were not completely identified because of their very small size (for example,
Cyprideis sp.) or because taxonomic difficulties prevented specific identifications (Oligochaeta spp.,
Cirripedia sp., Boonea sp., and Melita sp.).

There was considerable variation among the sites in species numbers and total counts (tables 2
through 5 and fig. 4). A consistently lower number of species was observed at the North Bay sites,
Southampton and San Pablo, with means of 6.7 and 8.0 respectively, than at the South Bay sites,
Hayward and Palo Alto, where the mean numbers of species were 11.3 and 13.1. Means for each site
were significantly different from all other sites at the 95 percent confidence level. Numbers of
individuals were generally higher at the South Bay sites than in the North Bay. The mean number of
individuals at Palo Alto, 693/core, was significantly higher (p < 0.05) than at the other three stations:
Southampton 105/core, San Pablo 139/core, and Hayward, 311/core.

Temporal Patterns of Species Abundance

Patterns of temporal abundances within species varied widely (figs. 5-21). Species responses can
be divided into several categories: 1) species that showed an abundance peak in 1983 only, 2) species
with an abundance peak only in 1984, 3) species with peaks in both years, and 4) species that did not
exhibit clear seasonal or year-to-year trends.

Species that displayed a seasonal peak in 1983 were Corophium (figs. 5 and 6) and a
Chironomidae larva (fig. 7, tentatively identified as Paraclunio alaskensis), which appeared during the
late spring and summer of 1983 in North Bay only. The North Bay Corophium specimens consisted
primarily of an introduced species (J. Chapman, Environmental Protection Agency (EPA), Newport,
OR, written commun.; species recognized but as yet unnamed), herein referred to as Corophium "sp.B",
with a few C. spinicorne. Since the abundance peak of Corophium spp. [1] (fig. 6) in the North Bay in
June 1983 was coincident with that of the introduced Corophium sp.B (fig. 5), the unidentifiable
individuals were presumed to belong to species "B". The presence of Corophium sp.B in large numbers
in San Pablo Bay, when it had previously been found only in the Sacramento-San Joaquin delta (J.
Chapman, EPA, Newport, OR, oral commun., 1986), apparently reflected the higher-than-normal
freshwater inflow and the unusually extended period of lowered salinity (Figs. 2 and 3). The duration
of very high inflows into late spring might also explain the appearance of the Chironomidae larvae,
which reached a peak of about 250 individuals/core at Southampton in July 1983. Chironomidae are
generally found in freshwater areas (Cheeseman and Preissler, 1972), feeding on intertidal diatoms and
green algac (Morley and Ring, 1972). It is likely that a combination of freshwater inflow and abundant
food supply produced the observed population irruption; the appearance of the larvae also coincided
with the presence of a thick microalgal mat on the mud surface in the summer (Thompson and Nichols,
1987).

A second group of species are those that were absent or reduced in numbers in 1983 but showed
sharp abundance rises in spring to summer of 1984. The species included Corophium acherusicum,
Corophium spp. [2], and Grandidierella japonica (figs. 8-10) in the South Bay, Nereis succinea (fig. 11)
in the North Bay, and Eteone californica (fig. 12) in both North and South Bays. These species, typical
of true estuarine habitats (Nichols and Thompson, 1985b), might have been suppressed by the



combination of low salinity and the accompanying high turbidity and siltation of the mudflats during
1983. Abundances increased in 1984 as freshwater inflow decreased and salinity levels returned to a
more typical pattern by early spring.

South Bay collections of Corophium consisted largely of C. acherusicum and occasionally C.
insidiosum. Since the abundance peaks of Corophium acherusicum (fig. 8) and Corophium spp. [2] (fig.
9) in the South Bay were similar, these were assumed to be the same species, and distinct from
Corophium spp. [1] in the North Bay.

Data from Palo Alto (Thompson and Nichols, 1984) suggest that Eteone californica (fig. 12)
probably reproduces in spring in San Francisco Bay. This species may be the same as E. longa in New
England (Carlton, 1979), which reproduces in April and May in the northwestern Atlantic and has a
planktonic larva (Pettibone, 1963). The rapid decline of Eteone in San Pablo Bay during February 1983
and its low numbers at all sites suggest that conditions associated with high freshwater inflow might
have prevented successful spring recruitment during that year.

Both Nereis (fig. 11), at the North Bay sites, and Grandidierella (fig. 10), at the South Bay sites,
had low abundances in 1983 but were major components of the community in the summer to fall of
1984.

The third group of species, which showed highly seasonal abundance changes in both 1983 and
1984, included two of the most common South Bay species, Gemma gemma (fig. 13) and Ampelisca
abdita (fig. 14). These species, apparently sensitive to low salinities, rarely occurred at the North Bay
sites, and might have been affected at the South Bay sites as well. Gemma, usually one of the
numerically dominant species at Palo Alto (Nichols and Thompson, 1985a), had low densities in early
1983 (see also Thompson and Nichols, 1984), rebounding to typically high numbers by late summer
following scasonal recruitment of juveniles. Gemma numbers at Hayward remained relatively low
throughout the study period, with a gradual increase from 1983 through 1984. Ampelisca abdita, which
generally appears in abundance in early summer following spring reproduction (Nichols and Thompson,
1985a), did not reach high densities until August of 1983 at Palo Alto and was absent from Hayward
until July 1984. The absence of Ampelisca at the Hayward site during summer 1983 is unexplained.
Migration of Ampelisca might have been involved in its disappearance from both South Bay sites
during the first half of 1983 and at Palo Alto during the period December to June of 1984, Data
presented by Nichols and Thompson (1985b) suggest that Ampelisca moves out to deeper water when
surface salinities are lowered after winter storms.

Present throughout the study were a number of species that did not show any consistent seasonal
patterns. These included Macoma balthica, Mya arenaria, Boonea sp., Heteromastus filiformis,
Oligochaeta spp., Streblospio benedicti, and Capitella "capitata” (figs. 15-21). Macoma (fig. 15)
abundance increased somewhat at Hayward during late winter and spring 1984 and at Palo Alto during
both summers, but showed only very slight increases at the other two sampling sites, without clear
seasonal trends. These results are consistent with those of Nichols and Thompson (1985a), who also
found Macoma to be very tolerant of the low salinities at Palo Alto during the winter of 1982-83. Mya
(fig. 16), Boonea (fig. 17), and Heteromastus (fig. 18) also fluctuated without apparent pattern, the
former two at very low densities. All three were most abundant at Palo Alto.

Oligochaeta (fig. 19) were not identified to species, so it is difficult to assess the effects of
seasonal changes at any of the sites. Numbers varied widely at all sites, possibly reflecting effects of
salinity changes on several different species.

Streblospio (fig. 20), another of the numerical dominants at the Palo Alto site (Nichols and
Thompson, 1985a), decreased in abundance from 1983 through 1984 at Palo Alto, in contrast to species
such as Grandidierella, Eteone, Ampelisca, and Gemma, while increasing slightly at the other three
sites. Although there was some indication of seasonal abundance peaks in January 1984 and January
1985, there was too much variability to suggest any real trends. Erratic seasonal abundance fluctuations
of this species were also typical during the 10-year study at Palo Alto by Nichols and Thompson
(1985a).

Capitella "capitata” (fig. 21), which is well known as an opportunist species that responds quickly
to a variety of habitat disturbances (Grassle and Grassle, 1974), began to appear at Palo Alto in late



1983, but its numbers were much too low to be considered a significant response.

Summary

Temporal variations in salinity levels and sediment types are known to be major factors
influcncing the distribution of benthic infauna on the San Francisco Bay mudflats (Nichols and
Thompson, 1985b). It appears that extreme variations in river inflow, particularly in the North Bay,
which result in extended periods of increased or decreased salinity, can have major effects on the
community composition. Data collected during the drought period of 1976 and 1977 have shown that
extended periods of low inflow, with consequent higher salinities, resulted in increased species
abundances and species diversity at the upper end of the estuary (see Nichols and Thompson, 1985b, for
references and discussion).

The present study suggests that extended periods of high river inflow may affect both species
abundances and diversity in the North Bay and to a lesser extent in the South Bay. Several North Bay
species showed an abundance peak during the high inflow year of 1983. A number of other species
appeared to be depressed in numbers during 1983, reappearing in 1984, apparently responding to
decreases in salinity followed by a return to more typical estuarine conditions. Several of the major
mudflat species did not show any consistent year-to-year trends. Species responses to salinity
conditions during the period of this study -- an extremely wet year followed by a more typical water
year -- appeared to be a combination of varying tolerances to changing salinity conditions from year to
year and variations in seasonal recruitment within years.



REFERENCES CITED

California Department of Water Resources, 1984, Water quality conditions in the Sacramento-San
Joaquin Delta during 1983: Report to the State Water Resources Control Board, 27 p.

----- 1985, Water quality conditions in the Sacramento-San Joaquin Delta during 1984: Report to the
State Water Resources Control Board, 42 p.

----- 1986, DAYFLOW data summary: 360 p.

Carlton, J. T., 1979, History, biogeography, and ccology of the introduced marine and estuarine
invertebrates of the Pacific Coast of North America: Davis, California, University of California,
Ph.D. thesis, 904 p.

Cheeseman, D. T. and Preissler, P., 1972, Larval distribution of Paraclunio alaskensis at Point Pinos
sewage outfall, Monterey County, California (Diptera: Chironomidae); Pan-Pacific Entomologist
v.48 no.3, p. 204-207.

Grassle, J. F. and Grassle, J. P., 1974, Opportunistic life histories and genetic systems in marine benthic
polychaetes: Journal of Marine Research v.32 no.2, p. 253-284,

Hopkins, D. R., 1986, Atlas of the distributions and abundances of common invertebrate species in San
Francisco Bay, California: U.S. Geological Survey Water Resources Investigations Report 86-
4003, 16 p. + appendixes.

Morley, R. L. and Ring, R. A., 1972, The intertidal Chironomidae (Diptera) of British Columbia II. Life
history and population dynamics: Canadian Entomologist v.104, p.1099-1121.

Nichols, F. H., 1973, A review of benthic faunal surveys in San Francisco Bay: U.S. Geological Survey
Circular 677, 20 p.

----- 1985, Abundance fluctuations among benthic invertebrates in two Pacific estuaries: Estuaries v.8
no.2A, p. 136-144,

Nichols, F. H. and Thompson, J. K., 1985a, Persistence of an introduced mudflat community in South
San Francisco Bay, California: Marine Ecology Progress Series v.24, p. 83-97.

----- 1985b, Time scales of change in the San Francisco Bay benthos: Hydrobiologia v.129, p. 121-138.

Pettibone, M. H., 1963, Marine polychaete worms of the New England region 1. Aphroditidae through
Trochochaetidae: U.S. National Museum Bulletin 227, Part 1, p. 1-356.

Thompson, J. K. and Nichols, F. H., 1984, Benthic macrofauna of a south San Francisco Bay,
California mudflat, 1974 to 1983: U.S. Geological Survey Open-file Report 84-759, 200 p.

----- 1987, Food availability controls the seasonal cycle of growth in the bivalve Macoma balthica:
Journal of Experimental Marine Biology and Ecology, (in press).



Southhampton Bay

38°00°

San Francisco

VVAD0 .)HL‘)VJ

South San Francisco Bay

SITE3
Hayward

37°30'1-

SITE 4
Palo Alto

o

/XS

w SITE 1 ﬁ PN
2 \
\ arquines Strait
\
N

122°30° 122°00°
T T
SITE 2 )
San Pablo Bay

San Juaguin River

CALIFORNIA

10 Miles
10 Kilometers

Figure 1. Map of San Francisco Bay, showing location of sampling sites.



%3Q

* (9861 {s0INn0say I93eM JO .“Q@D *JTTRD)

‘G861 Axenuer 03 zg86T I2qo3o0 ‘Aeg oostouedd ues
07 sI9ATy utnbeor ueg pue OjusSwWeIdES WOXF MOTFUT IVJEMUSIIJ "¢ oanbTg

861 €861
190 bny aunp dy qa4y J22Q 10 bny aunp dy gaqy 29

0

T T T T L 1 T

0oov

0008

00oct

$/gW NI MOT4NI H3LVYMHS3IHA



("S°9°S°n ‘UILOTD AL PUB SIDINOSIY
1o3em Jo -3deg "FTTeD) °S93Ts burrdwes inojy ayz e ST9AST AITUITRS °¢ 2aInbTg

Y861 ¢£861

uopr AoN ydeg Anp Ao Jop uop AoN ydeg  Anp Aoy 4o uop

e dveivyl ~_...1_ 0
o of _ﬁ
s

uojdwDoyinos mYmm
0jgD4 UDS mmiijes
Ol OIod =O =
PJOMADH wmgem |- OC

pupsnoy} 48d spod u) ‘Ajulpg

suolp}s bujdwpg




NUMBER OF SPECIES

20
Sampling Stations
: mees Hoyward
= O= Palo Alto
o =@ San Pablo ,° 0= =0
159 mam Southampton * Q !
E ] . 4 ’
(6]
n
0o
N
—
o
0
3
P
0 ] v 1] v ] v 1 v ) M | v L L) M ¥ M L v 1 M i v 1
Jan  Mar May July Sept Nov Jan Mar May July Sept Nov Jan
A) 1983 1984
A
15004 Sampling Stations . 0'
4
=g== Hayward ;{ "
= o= Palo Alto c
1250 - o '
N =m= Son Pablo RO ° '
£ 1 =a= Southampton g * % é
(6] ¢ . .
1000 - .
‘n L]
(o]
-
N 750+
)
0
S 500
3
Z
2501 7,
]
(R v v v v v v
B) Jan Mar May July Sept Nov Jan Mor Moy July Sept Nov Jan

1983 1984

Figure 4. A) Total number of species at four sampling sites, San Francisc?
Bay, January 1983 through January 1985. B) Total number of specimens

at the four sites.

10



Figures 5-21. Abundances of major species at sampiing stations 1 through 4. Corophium spp. has been
graphed scparately for North Bay and South Bay sites (sce text for explanation). Note that density
scales vary,
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Table 1. List of macrobenthic species found at four sampling stations, Southampton, San Pablo, Hay-
ward, and Palo Alto, from January 1983 through January 1985

Species

Comments

ANNELIDA
Eteone californica
Nereis succinea
Polydora ligni
Pseudopolydora kempi
Spiophanes berkeleyorum
Streblospio benedicti
Capitella "capitata”
Heteromastus filiformis
Oligochaeta spp.

CRUSTACEA
Cyprideis sp.
Cirripedia sp.
Cumella vulgaris
Tanaidae
Gnorimosphaeroma oregonensis
Sphaeroma quoyana
Synidotea laticauda
Ampelisca abdita
Corophium acherusicum
Corophium insidiosum
Corophium spinicorne
Corophium stimpsoni
Corophium sp.B
Corophium spp.
Grandidierella japonica
Melita sp.
Caridea
Hemigrapsis oregonensis

INSECTA
Chironomidae larvae
Insecta juvenile

MOLLUSCA
Boonea sp.
Ilyanassa obsoleta
Nudibranchia
Musculista senhousia
Corbicula manilensis
Gemma gemma
Tapes japonica
Macoma balthica
Mya arenaria

Probably = E. longa

May be a number of sibling species

= A. milleri

Introduced species, see text
Unidentifiable (females or parts missing)

tent. id. Paraclunio alaskensis
Dipteran pupae

= Odostomia
Formerly Nassarius obsoletus

Formerly Musculus senhousia
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Table 2. Species count data collected at Southampton sampling station (Site 1) with a 16.5 x 10 centi-
meter can core from January 1983 through January 1985
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SOUTHAMPTON

Date: 6/Jan/83 Sample size = 0.017m2
SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Nereis succinea 0. 1.0 0.5 0.7
Oligochaeta spp. 64.0 199.0 1315 95.5
Streblospio benedicti 0. 1.0 0.5 0.7
ARTHROPODA
Ostracoda sp. 0 20 10 14
SOUTHAMPTON
Date: 7/Mar/83 Sample size = 0.017m2
SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Oligochaeta spp. 161.0 108.0 134.5 375
Polydora ligni 0 1.0 05 0.7
ARTHROPODA
Isopoda sp. 0 1.0 0.5 0.7
MOLLUSCA
Macoma balthica 0 4.0 20 28
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SOUTHAMPTON

Date: 5/Apr/83

Sample size = 0.017m2

SPECIES SAMPLE

1 2 Mean Standard

Deviation

ANNELIDA
Nereis succinea 0. 1.0 0.5 0.7
Oligochaeta spp. 74.0 50.0 62.0 17.0
MOLLUSCA
Macoma balthica 0. 40 20 2.8
SOUTHAMPTON
Date: 2/May/83 Sample size = 0.017m2
SPECIES SAMPLE

1 2 Mean Standard

Deviation

ANNELIDA
Oligochaeta spp. 19.0 220 20.5 2.1
ARTHROPODA
Ampelisca abdita 0. 1.0 0.5 0.7
Amphipoda sp. 1.0 0. 0.5 0.7
MOLLUSCA
Gemma gemma 1.0 0. 0.5 0.7
Macoma balthica 3.0 0. 1.5 2.1
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SOUTHAMPTON

Date: 2/Jun/83

Sample size = 0.017m2

SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Nereis succinea 1.0 0. 05 0.7
Oligochaeta spp. 45.0 28.0 36.5 120
Spiophanes berkeleyorum 1.0 0. 0.5 0.7
ARTHROPODA
Gnorimosphaeroma oregonensis 0. 20 1.0 14
Insecta pupae 1.0 2.0 1.5 0.7
Synidotea laticauda 1.0 2.0 1.5 0.7
MOLLUSCA
Macoma balthica 0. 20 10 14
SOUTHAMPTON
Date: 14/Jul/83 Sample size = 0.017m2
SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Nereis succinea 1.0 1.0 1.0 0.
Oligochaeta spp. 33.0 95.0 64.0 43.8
Polydora ligni 0. 1.0 0.5 0.7
ARTHROPODA
Chironomidae larvae 238.0 238.0 238.0 0.
Corophium stimpsoni 1.0 0. 0.5 0.7
Insecta pupae 3.0 2.0 25 0.7
MOLLUSCA
Gemma gemma 0. 1.0 0.5 0.7
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SOUTHAMPTON

Date: 12/Aug/83

Sample size = 0.017m2

SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Oligochaeta spp. 420 86.0 64.0 311
ARTHROPODA :
Chironomidae larvae 49.0 54.0 515 35
Copepoda sp. 10.0 1.0 5.5 64
Corophium spinicorne 1.0 0. 0.5 0.7
Insecta pupae 1.0 0 0.5 0.7
MOLLUSCA
Corbicula manilensis 0. 10 0.5 0.7
Macoma balthica 1.0 0. 0.5 0.7
NEMERTEA
Nemertea spp. 0. 1.0 0.5 0.7
SOUTHAMPTON
Date: 9/Sep/83 Sample size = 0.017m2
SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Nereis succinea 0. 1.0 0.5 0.7
Oligochaeta spp. 9.0 4.0 6.5 35
ARTHROPODA
Chironomidae larvae 5.0 20 35 2.1
Cirripedia sp. 0. 5.0 25 35
Corophium spinicorne 0. 4.0 20 28
Grandidierella japonica 1.0 0. 0.5 0.7
Synidotea laticauda 2.0 1.0 15 0.7
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SOUTHAMPTON

Date: 3/0ct/83 Sample size = 0.017m2
SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Nereis succinea 1.0 1.0 1.0 0.
Oligochaeta spp. 284.0 58.0 171.0 159.8
Polydora ligni 5.0 9.0 7.0 28
ARTHROPODA
Chironomidae larvae 13.0 11.0 12.0 14
Cirripedia sp. 0. 1.0 0.5 0.7
Gnorimosphaeroma oregonensis 1.0 0. 0.5 0.7
MOLLUSCA
Macoma balthica 1.0 4.0 2.5 2.1
SOUTHAMPTON
Date: 1/Nov/83 Sample size = 0.017m2
SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Nereis succinea 1.0 0. 0.5 0.7
Oligochaeta spp. 571.0 67.0 62.0 7.1
Polydora ligni 0 20 10 14
ARTHROPODA
Chironomidae larvae 20 20 20 0.
Grandidierella japonica 0. 2.0 1.0 14
Synidotea laticauda 2.0 0. 1.0 14
MOLLUSCA
Macoma balthica 20 30 25 0.7
Nudibranchia sp. 0 2.0 1.0 14
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SOUTHAMPTON

Date: 15/Dec/83

Sample size = 0.017m2

SPECIES SAMPLE
1 2 Mean Standard
Deviation
ANNELIDA
Eteone californica 0. 1.0 0.5 0.7
Nereis succinea 1.0 1.0 1.0 0.
Oligochaeta spp. 28.0 124.0 76.0 679
Polydora ligni 0. 1.0 0.5 0.7
ARTHROPODA
Chironomidae larvae 3.0 6.0 45 21
Corophium sp.B 20 10 15 0.7
Grandidierella japonica 0. 6.0 3.0 42
Synidotea laticauda<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>