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Abstract approved

The benthic infauna of an intertidal mudflat in the lower

Columbia River estuary were studied intensively over a 54 week

period, from 28 August 1980 through 11 September 1981. The mudflat

was composed of coarse silt to very fine sand (median particle size

approximately 0.032mm) and was covered by a rich benthic diatom

flora. Five 10.16cm diameter core samples were collected each

month and sieved on 0.500mm and 0.250mm mesh screens. The infauna

assemblage was viewed in terms of taxonomic composition and

organism
abundances

community composition parameters., and relative

importance of different feeding types. In addition, the life

histories of the bivalve Macoma baithica and polychaetes Pseudo-

polydora kenipi and Hobsoriia florida were studied more carefully

and estimates of secondary production were calculated.

Abundances of individual taxa changed dramatically through the

year, but species richness and the relative dominance of surface

deposit feeders remained unchanged. Relative abundance of the

species. and diversity also remained unchanged except during June and

July. Macoma balthica was the dominant taxon in terms of biomass

and was estimated to produce 13.56g Ash-Free Dry Weight/m2/yr.
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Hobsonia florida and f ooldora kenipi followed at l.37gAFDW/m2/yr

and l.12gAFDW/m2/yr respectively. The remaining taxa were estimated

to produce another 2.27gAFDW/m2/yr to give a total community produc-

tion value of 18.32gAFDW/m2/yr. This value is comparable to values

calculated for benthic infauna in similar habitats.
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Annual Secondary Production and Community Dynamics of
Benthic Irifauna in a Columbia River Estuary Mudflat

I. INTRODUCTION

Benthic infaunal studies were part of a comprehensive research

effort in the Columbia River estuary directed towards understanding

the estuary and providing information in a form suitable for use when

making land/water management decisionsu (Columbia River Estuary Data

Development Program Plan of Study, 1979). The Columbia River Data

Development Program (CREDDP) was originally concerned with the trophic

structure and internal energy transfers in the estuary in addition to

the relationships between the physical and biological aspects of the

environment. Benthic infauna fill important roles in the estuarine food

web as prey items for fish and epibenthic fauna (Higley and Holton, 1974;

NMFS, 1983; Houghton, 1983). They also affect the relationship between

the physical and biological environments by processing detrital material

and reworking sediments (Gray, 1974). In this context, the goals of the

benthic infaunal research effort were to 1) survey and map the distrI-

bution and abundance of the infauna throughout the estuary, 2) determine

the life history of important species, and 3) understand the trophic

relationships and estimate secondary production of the berithic infauna

in different habitats of the estuary.

The first objective of this study, a subunit of the infaunal

research effort, was to determine the seasonal changes in community

structure and species density on the mudflat. Community structure was

viewed in terms of taxonomic composition, organism abundance, community

diversity, richness, evenness, and the relative importance of different

feeding strategies. The second objective was to estimate annual



secondary production of the benthic infauna.

This paper will focus on research conducted at a single site, a

mudflat in Baker Bay (Fig. 1). This site was chosen as typical of large

expanses of intertidal mudflat in Baker Bay. The sediments are homo-

geneous, primarily fine sands and silt. The dominant infauna are

sedentary, and the young either have a short planktonic larval stage

or remain in the mud. In addition, benthic primary production

(Mclntire and Amspoker, 1983) and epibenthic organism studies

(Houghton, 1983) were conducted as part of the CREDDP research program

at a similar site within two hundred meters of this one.

The niudflat in Baker Bay supports a community dominated by the

bivalve Macoma baithica and two polychaetes, Pseudopolydora kempj and

Hobsonia florida. Research on similar communities has been conducted

in Europe (Wolff, 1977; Warwick and Price, 1975). Warwick and Price

(1975) estimated annual production of an intertidal Macoma community

in L,ynher estuary, England, and Wolff (1977) studied the benthic food

budget in the Grevelingen estuary, the Netherlands. G1narec and

Menesguen (1980) also discussed some of the problems in estimating

production of benthic infauna in a muddy-sand habitat: large seasonal

and year-to-year fluctuations of all trophic levels, high mortality

between the release of eggs and development of juveniles large enough

to be retained on the commonly used sieve size (0.500mm mesh), and

difficulties in estimating the production of less numerous and very

small organisms that together may represent an important portion of

the biomass.

Although I have attempted to deal with these difficulties, no

allowance for year-to-year fluctuations could be made, since sampling
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covered only a 54-week period. However, biomass estimates and size

frequency histograms could be compared from sampling dates twelve

months apart to view fluctuations over a one year period. The juvenile

capture problem was handled by determining beforehand which mesh size

was required to capture the smallest juveniles of the three principle

species. The size chosen was 0.250mm. It retained the juveniles as

they developed in the mud or settled out of the water column.

Finally, four methods (described in detail later) were used to compute

production of the lesser taxa which composed 5.3% of the biomass

measured as ash-free dry weight.

A detailed study of the life histories of organisms and the cal-

culation of secondary production is an important process in under-

standing the ecology of a benthic system. Taxonomic and density data

on different species provide insights on community structure, but

production estimates also supply information on food resource utili-

zation and amount of blomass available to the next trophic level.

For example, community structure may be similar in two benthic

communities, but production levels may be different. This suggests

a different level of food availability in the benthos and, additionally,

suggests a limitation on the ability of the benthic community to

support the next higher trophic level.

Wolff (1977) discussed the levels of productivity associated with

different types of estuaries and the mechanisms supporting high benthic

secondary production. Two types of estuarine systems were discussed

(Wolff, 1977): 1) a salt-marsh, mangrove, or eelgrass detritus based

system with a net export of nutrients and organic matter to the ocean,

and 2) an estuarine system dependant on ocean derived detritus. The
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Columbia River estuary, however, fits into a third catagory, a

detrital system dependent on river input (Mclntire and Amspoker,

1983; Lara-Lara, 1983). Residence time of Columbia River estuary

water is only 2-5 days and is best compared to the Congo River

system (Lara-Lara, 1983). Therefore, the Columbia River estuary

provides a different type of estuarine system in which to study the

dynamics of secondary production.
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II. SITE DESCRIPTION

The Columbia River estuary is a freshwater-dominated system that

receives flow discharges ranging from an average minimum of 4,248 cubic

meters per second in the fall up to 16,900cms during the spring freshet

(Neal, 1972), and experiences tides involving maximal exchanges of as

much as 4 meters. Baker Bay, located close to the river mouth (Fig.

1), undergoes large seasonal variations in salinity, depending on

tidal exchange and river flow.

The study site in Baker Bay was a relatively homogeneous habitat

of coarse silt to fine sand covered by a highly productive benthic dia-

torn flora. During the period from May 1980 to April 1981, benthic

gross primary production reached a high of 81mg C/m2/hr in June 1980,

with an annual benthic gross primary production of 42g C/m2/yr, or

80g AFDW/rn2/yr (Mclntire and Amspoker, 1983). Sparse patches of

Zostera marina were scattered over the surface of the mudflat and a

Scirpus americanus marsh bordered the tidal flat 600m from the study

site. The rnudflat was rich in organics. Ash-free dry weight (AFDW)

of organic matter in the top centimeter of the sediment ranged from a

high of 330mg AFDW/m2 in May 1980 to a low of 165mg AFDWJm2 in Septem-

ber 1980 during the May 1980 to April 1981 time period (Mclntire and

Amspoker, 1983). A strongly sulfide-smelling layer of anaerobic

black mud lay 4-6cm below a surface of brown mud.

Sediment analysis (Craeger, 1983) suggested that this mudflat site

in Baker Bay was relatively stable in terms of sediment composition

during the study period. Median particle size measured in phi (q)

units (=-log2[diam. in mm]) and percent silt and clay fractions re-

mained unchanged during the year (Fig. 2).
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During an eighteen month period covering the biological sampling

period, temperatures ranged from a low of 6°C to a high of 17°C and

salinities ranged from 3.5% to 2O.2°J (Fig. 3). Surface salinity

and temperature data were collected at the study site. Water covered

the study site at low tide in the winter, but in the sunvner, water

samples were collected from small depressions subject to rainfall

or evaporation for a short period of time during low tide. However,

the water samples collected at the Ilwaco boat basin a kilometer

away did not show as much variability (Mclntire and Amspoker, 1983).

In general, the water temperature and salinity were high during later

suniiier to early fall (July - October) and lower during winter and

spring months (Fig. 3). However, during low tide, the niudflat was

occasionally subjected to rainfall or evaporation and extremes in

temperature and salinity.
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III. METHODS AND MATERIALS

Field and Lab Procedures

Sampling was conducted within a grid of 3Dm X lOOm established

at the Baker Bay site with the long axis parallel to shore at a tidal

level +O.15m above MLLW. A metal stake was placed at the grid origin

to allow measurement of changes in sediment level. Grid divisions

were one meter in both dimensions, so that 3000 intersections or

potential sampling points were available. Sampling points within the

grid were selected at one meter intervals using a random number table

and each point was sampled only once during the study period. The

total number of samples was less than 10% of the potential sampling

points. Five 10.16cm diameter cores were collected monthly. Pre-

limiriary sampling demonstrated that small macrofauna were not present

below 6cm. Therefore, sample cores were taken only to a depth of 8cm.

The sampling period extended from 28 August 1980 through 11 September

1981.

The entire core was placed in a bag immediately upon collection.

A 0.15% solution of 2-phenoxyethanol was used to relax the organisms

for 15 minutes (McKay and Harzband, 1970), then buffered formalin

solution in seawater was added to preserve the sample. The organisms

remained in the formalin solution for 3-4 days before processing. In

the lab, the cores were sieved on a 0.125mm mesh screen, and the

residue remaining on the screen stored in 70% isopropyl alcohol. To

facilitate sorting, the residue was then subdivided into a 0.125mm to

0.250mm fraction, a 0.250mm to 0.500 fraction, and a greater than

0.500mm fraction. As discussed, these size divisions insured



11

retention of juveniles of the dominant species that passed through the

0.500mm mesh screen. Three days before the organisms were sorted, the

samples were stained with Rose Bengal. The samples were then sorted and

identified to the most refined taxon that was practical. The 0.125mm

to 0.250mm size fraction was not sorted, since the 0.250mm screen was

found to retain a very high percentage of the juvenile polychaetes and

bivalves. Only M. baithica, P. kempi, and H. florida were removed and

counted from the 0.250mm fraction, while all taxa, except Nernatoda and

Harpactacoidea, were enumerated from the 0.500mm fraction.

The three dominant species were measured so that age and/or size

frequency histograms could be drawn. Macoma balthica, a small bivalve,

was aged by growth rings and sized by shell height. The two polychaetes

Pseudopolydora kempi and Hobsonia florida were sized by measuring the

maximum body width within the first five setigers adjacent to the head.

Body length measurements were less suitable since many polychaetes con-

tract when placed in formalin or break during the screening process.

Individuals were also weighed in October, January, April and July to

obtain seasonal shell height and body width vs. weight regression

equations. Individuals of a size group were combined and weighed so

each weight value represents a size class. Macama baithica was decal-

cified in a 5-10% HC1 solution before weighing. Live samples were

collected in January 1982 for measurements to determine weight loss

caused by preservation. Live shell height and width vs. weight

regression lines were developed based on these data. Other species,

either too small to be measured or limited in abundance (considered to

be 1esser" taxa), were weighed in bulk to obtain an average weight

for each taxon for each season.
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Ash-free dry weight values were obtained by drying the animals

at 90°C for at least 48 hours, weighing them, then re-weighing them

following a 4 hour ashing period in a 550°C muffle furnace. Ash-free

dry weight was the difference between the two weighings. All weights

were obtained with a Cahn electrobalance, Model G. Ash-free dry

weight values were the basis of productivity measurements.

Pseudopolydora kempi and Hobsonja florida were visually inspected

for condition of the gonads. A visual gonad index, GI, was employed

to rate the ripeness of gonad tissue in Macoma baithica (Bachelet,

1980):

n

GI=

where: in = gonad maturity rating of the
th

individual

n = no. of individuals

The value of the index ranges from 0 to 1, with 1 being fully mature.

Each individual was rated on a scale of I = 0 to 3 based on the

appearance of the visceral mass (Caddy, 1969; Bachelet, 1980, p. 107):

"0) undifferentiated - no gonad tissue

1) immature - gonads proliferating but not reaching the point

of gills and labial palps attachment

2) half-mature - gonads re.aching that point

3) fully mature - visceral mass wholly covered by gonad tissue."

Data Analysis

Three community composition parameters were used to describe the

0.5mm benthic macrofauna community during the year: Shannon's
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diversity, Pielou's evenness, and Margalef's richness. The

Shannon-Weaver common information measure was chosen to represent

overall diversity. This index ranges in value from 0. (one species =

no diversity) up to about 4. It reflects both species richness and

evenness, increasing as each of these factors increases. The index

weights the evenness of common species heavily while giving less

emphasis to the number of species occurring rarely. Computation is

as follows (Pielou, 1977):

S

H" = - Pj log Pj

i-i

where: H" = diversity in bits of information/individual

s = total no. of species (taxa)

Pj = n,j/N = proportional abundance of species j in the

sample

Pielou's evenness measure (Pielou, 1975) is based- on the Shannon-

Weaver diversity index and is determined as follows:

JH = H"/H"max/s

where: H"max/s = loges

s = total no. of species (taxa)

The richness index used is that of Margalef (1958):

DLOG = s_l/logN

where: s = total no. of species

N = sample size



14

Margalef called this a diversity index, but it will be referred to

here as a richness index since it does not reflect evenness and to

avoid confusion with Shannons measure.

These community composition parameters were computed for each

sample for each sampling date. Thus, five values were calculated for

each date. The indices were run twice first, for all the data, and

second with the omission of incompletely identified taxa and those not

considered members of the benthic infaunal assemblage. This list

includes oligochaetes, Rhynchocoela, insects, unidentifiable spionids,

and Crangonidae.

Annual secondary production was estimated using a method described

by Crisp (1971) for stocks with recruitment and separable age classes.

Because sampling commenced 28 August 1980 and ended 11 September 1981,

the duration of sampling was considered to be one year for the purposes

of production estimation. The age classes were separated by cohort

analysis of the populations. Macoma balthica cohorts were determined

on the basis of shell height and age rings, and Pseudopolydora kempi

and l-iobsonia florida cohorts were separated on the basis of body width.

Each recruitment group or cohort was considered as a separate,

isolated population. The size of each cohort in each month was taken

to be its median size, which was converted to a weight value. Total

production was then estimated by applying the following equation:

t=l t=2 t=3
P = .

ann
t=l t=2

2

where = population size of recruitment class i

= change in median weight
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The calculation of growth increments during each month was calculated

by the equation:

!Ndw +

where: Nt = population size at time t

population size at time t plus t (one month in

this case)

= weight change since the previous sampling

The production of each recruitment class was summed to provide a

production estimate for the whole population during the year.

Two major assumptions were made. First, all members of a re-

cruitment class started at the same time. Second, negative production

during a month was considered zero production. This was due to the

fact that larger individuals were less abundant and a net loss of

larger animals could represent sampling variation. Also the loss of

larger individuals (which causes negative production) was not con-

sidered a lack of production, but rather a loss of biomass due to

mortality or predation.

Ages of individual cohorts were based on time of recruitment.

During the first year on the mudflat, a cohort was considered a 0+

year class. One year after recruitment, a cohort became a 1+ age

group. For example, the Macoma baithica cohort that settled in

September 1980 was considered to be a 0+ year class until September

1981 when that cohort became a 1+ age group.
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IV. RESULTS

Coninunity Structure and Dynamics

On a numerical basis, the Baker Bay mudflat community was composed

predominantly of bivalves, polychaetes, and oligochaetes (Tables 1 &

2). Hobsonia florida and Pseudopolydora kempi were the numerically

dominant polychaetes and Macoma baithica was the dominant bivalve.

A cumacean, 1-lemileucon sp., the polychaetes Polydoraligni, Neanthes

limnicola, and Mediornastus spp., and unidentified turbellarian species

were also common inhabitants of the mudflat during the study period.

Biomass ranking (Table 2) suggests that M. baithica, H. florida, and

P. kempi were the most important members of the community followed by

olIgochaetes and N. limnicola.

Total density of infauna retained on a 0.5mm screen (macrofauna)

was higher at the start of sampling in summer 1980 with densities

greater than 20,000 animals/rn2 (Fig. 4), than at any subsequent time.

This peak was followed by a general decline through spring of 1981

when densities as low as 10,000 organisms/rn2 were recorded. A rapid

increase in density occurred in early summer of 1981, but was followed

by a rapid decline to 10,000 infauna/m2. Changes in total density

closely followed those of oligochaete density (Fig. 4), which com-

prised 52% of the total density.

Macama balthica density (those retained by 0.250mm screen) re-

mained fairly constant throughout the year except during the summer

months (Fig. 4). Numbers were low from May through August, but then

jumped from the August minimum of about 2300/rn2 to 3500/m2 in September.

The population was at its peak of about 5000/rn2 during late fall in
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Table 1. Benthic infauna at the Baker Bay study site.

Phylum Rhynchocoela
Phylum Platyhelminthes

Class Turbellaria
Phylum Annelida

Class Polychaeta
Family Ainpharetidae

Hobsonia florida
Family Capitellidae

Heteroniastus spp.

Mediomastus spp.
Family Nereidae

Neanthes 1 imnicola
Family Phyllodocidae

Eteone spp.
Family Sabellidae

Manayunkia aestuarina
Family Spionidae

Polydora ligni
Pseudopolydora kempi
Pygosplo elegans

Class Oligochaeta
Phylum Mollusca

Class Bivalvia
Family Cardiidae

Clinocardium nuttallil
Family Myidae

arenaria
Family Tellenidae

Macoma balthica
Phylum Arthropoda

Class Crustacea
Order Mysidacea

Family Mysidae
Neomysis mercedis

Order Cumacea
Family Leuconidae

Hemileucon sp.
Order Isopoda

Family Spaeromatidae
Gnorimosphaeroma oregonensi S

Order Amphipoda
Family Corophiidae

Corophium salmonis
Family Gammaridae

Eogammarus confervicolus
Family Phoxocephalidae

Paraphoxus mill en
Order Decapoda

Family Crangonidae



Table 2. Species retained on a 0.
and weight basis during
biomass are expressed as
period.

5mm screen ordered on a density
the sampling period. Density and
average values for the study

TAXA NUMERICAL DENSITY/rn2 BIOMASS (nigAFDW/m2)

Oligochaete 10745 192
Hobsonia florida 3162 265
Pseudopolydora kempi 2744 330
Macoma baithica 2182 8297
Hemileucon sp. 412 10
Turbellaria 366 32
Polydora ligni 314 57
Neanthes lininicola 227 93
Mediomastus spp. 155 3
fyospio elegans 104 2
Corophiurn salmonis 79 15
Rhynchocoela 60 13
Eteone spp. 56 22
Myidae sp. 25 N/W
Heteromastus spp. 21 55
Manayunkia aestuarina 18 N/W
Eogarnniarus confervicolus 11 1

Paraphoxus mulleri 4 1

Neomysis mercedis 4 N/W
Gnoriniosphaeroma oregonensis 2 0.2
Clinocardium nuttilli 2 0.13
Crangonidae (juvenile) 7 N/W
Decapoda (larvae) 4 N/W

TOTAL 20704/rn2 93B8rngAFDW/ni2
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November and December. Analysis of variance showed that density

change during the year (Table 3) was significant.

The polychaetes exhibited marked seasonal changes in abundance.

Hobsonia florida had a significant population peak during June and

July (Fig. 4, Table 3). In that period, the population increased

ten-fold (3,000/rn2 to over 30,000/rn2) and then declined to about

3,000/rn2 in September. There was also a small increase in September

through October in 1980, from2,600/m2to 4,700/rn2, although this was

not statistically significant.

Pseudopolydora kempi peaked in August of 1980 and then declined

gradually through the rest of the year until the next recruitment of

juveniles in August 1981 (Fig. 4). However the peak in August of 1981

was followed by a very sharp decline in abundance. Again, a change in

density during the year was significant (Table 3).

Among less numerous macrofaunal taxa, the spionid polychaete

Polydora ligni peaked during October and November 1980, then completely

disappeared by June 1981 (Fig. 4). The nereid polychaete Neanthes

limnicola had peak abundances in August 1980, and again in July through

September 1981 (Fig. 4). Eteone sp., a phyllodocid polychaete, was

present at low densities all year (Fig. 4). Mediomastus spp., a

capitellid polychaete, was most abundant in September and December

1980 (Fig. 4). The population of Hemileucon sp., a curnacean, peaked

in September 1980 and again in the May through July 1981 period (Fig.

4). Corophiuni salmonis, a gammarid amphipod, also appeared to peak in

both summer and fall, although density was always very low (Fig. 4).

A slight population increase occurred in October of 1980 and a larger

population peak followed in June through August of 1981. However, the



Table 3. Summary of statistical analysis of changes in total density/rn2 of all taxa combined and
for selected taxa. Tukey's HSD (Honestly Significant Difference) gives the minimum
significant difference (=.05) between all possible pairwise combinations.

Month A S 0 9

All too 30924 31490 30850 25203

H. balthsoa 3417 4488 4242 4907

P. pp7 7102 5844 5499 4982

H. f1oida 2664 3344 4636 4414

0

27)92

4957

4735

2861

18213

4538

2565

2441

F H A

16547 12798 12083

4597 4562 4291

2096 2244 2540

2071 2244 1480

H

12823

3206

1208

4167

19407

3033

692

31418

J A

25227 14476

2367 2318

469 9865

26708 1324

Stnda
error

11985 2422

3527 410

16/7 866

4233 835

9 lokey
515/95 HSD

0.01 11965

0.01 2026

0,01 4271

.0.01 4125

()
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abundances were always quite low compared to other taxa. Turbellaria

peaked in September of both years with the summer increase beginning

in June (Fig. 4). Oligochaetes decreased in abundance throughout the

study period, having begun at approximately 18,000/rn2 and ending at

5,000/rn2 (Fig. 4).

The community was also viewed in terms of trophic groups, or

feeding strategies (Table 4). Deposit feeding was the most prevalent

feeding mode, and involved both subsurface and surface feeders.

Rhynchocoela, Eteone spp., and possibly Neanthes limnicola were the

Only infaunal predators present. The only suspension feeders present

were small Myidae clams (presumably arenaria) which were all

juveniles, since no siphon holes of adults were seen in this portion

of the rnudflat. Trophic relationships did not change during the

year; surface deposit feeders were dominant year round, followed by

subsurface deposit feeders, predators, and suspension feeders.

Community Composition Parameters

The community composition parameters could not be interpreted

with all taxa included in the analysis. For this reason, the indices

were computed a second time with the oligochaetes excluded. This

taxon probably represented a number of species arid was not quantita-

tively sampled with the 0.5mm mesh screen. For similar reasons,

Rhynchocoela, Insecta, Spionidae spp. (unidentified), and Crangonidae

were also removed from the analysis.

Shannon-Weaver diversity generally decreased during the year,

reaching a low in June and July (Fig. 5). This change was significant

(Table 5), reflecting a decrease in number of species present during



Table 4. List of common taxa and feeding types found at the Baker Bay study site.

Rhychocoela Mobile predators (capturç prey with proboscis)1'2
Turbellaria Predators (most species)'
Polychaeta

Mediomastus spp. Deposit feeder
Eteone spp. Mobile predator3'4
Neanthes limnicola Deposit feeders (may be predaceous5
Polydora ligni Suspension feeder (with pa1ps)4'6i
Pseudopolydora kepj Surface deposit feeder (with tentacles)3
Hobsonia florida Surface deposit feeder (with tentacles)3'8
Pygospio elegans Surface deposit feeder (with tentacles)2'3'4
Manayunkia aestuarina Suspension feeder (wish tentacles)3'4

Oligochaeta Mobile deposit feeder
Cumacea

Hemileucon sp. Deposit feeder
Bivalvia

10 11
Macoma baithica Surface deposit fder

arenaria Suspension feeder

1. Nicol, 1962
2. Green, 1968
3. Eckman, 1979
4. Fauchald and Jumars, 1979
5. Smith, 1950
6. Muus, 1967
7. Dard and Polk, 1973
8. Banse, 1979
9. Pennak, 1953
10. Brafield and Newell, 1961
11. Caddy, 1979
12. McDonald, 1969

01



FA1

2.0

1.5

1.0

1.0

0.5

2.0

1.5

Shannon-Weaver Diversity

Pielou Evenness Measure

1.0
A S 0 N D J F M A M J J A S

Figure 5. Community composition parameters calculated for the benthic
infauna at the Baker Bay study site.



Table 5. Statistical analysis of monthly changes in community composition parameters. Tukeyks HSD gives
the minimum significant difference (=.05) between all possible pairwise combinations.

Standard 1uey's
Month A S 0 N 0 J F N A N J J A S error Sig/NS HSD

Diversity 1.589 1.741 1.66/ 1.549 1.535 1.346 1.471 1.488 1.392 1.544 1.262 1.151 1.421 1.384 0.059 0.01 0.293

Evenness 0.750 0.792 0.739 0.731 0.736 0.753 0.730 0.719 0.781 0.827 0.587 0.576 0.706 0.776 0.023 0.01 0.112

Richness 0.597 1.756 1.868 1.645 1.602 1.376 1.662 1.741 1.314 1.543 1.671 1.367 1.546 1.246 0.149 MS -

N)
-J
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the year and a decrease in evenness in June and July. Evenness also

changed significantly during the year Tab1e 5). Evenness was low

in June and July during the population peak of H. florida, but

constant during the rest of the year (Fig. 5). However, Margalefs

richness index, responding to both density and number of taxa present,

did not change significantly during the year (Fig. 5, Table 5).

Production Ecology

Macoma baithica

Five groups of M. baithica were recognized during the study

period, ranging in age from 0+ to 3+ years (Fig. 6). However, some

individuals could have been older, since they were extremely difficult

to age accurately. Shell surface irregularf ties can mask the age

rings. Shell heights ranged from <0.5mm up to 13mm.

The Baker Bay population of M. balthica with shell heights

greater than 8mm or 1-I- in age had a significant peak in gonad

maturity during the year (Fig. 7, Table 6). Most of the individuals

had mature gonads in June and July, and a few became mature in

September of 1980. This latter peak in gonad maturity was not re-

flected in the settling of spat, which occurred in August or September

depending an the year.

Estimates of production of M. balthica were based on the five

cohorts identified on the basis of size and age (Fig. 6). The first

two cohorts, designated A and B, were the 3+, which disappeared in

spring 1981, and the 2+ which became the 3+ in September 1981. How-

ever, during the period from January through April when the winter

rings were laid down, the individuals were placed into cohorts on the
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Figure 7. Gonad index expressing maturity of adult Maconia baithica.



Table 6. Summary of statistical analysis of changes in gonad maturity of Macoma baithica. Tukey's HSD
provides the minimum significant different (=.05) between all possible pairwise combinations.

Month

Mean

Standard Tukeys
A S 0 N 0 J F M A M J J A S errorSig/NS HSD

0.056 0.203 0.200 0.036 0.043 0.078 O.o08 0.147 0.193 0.255 0.844 0.596 0.203 0.040 0.090 0.01 0.446

-I
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basis of size. Two younger groups designated C and 0 were identified

during 1980: a group larger than 2.0mm that began as a 1+ in 1980

and became a 2+ group in September 1981; and a 0+ group that remained

below 2.0mm in size until April of 1981 when growth resumed. The 0

cohort then became a 1+ in September 1981. The fifth size group,

designated E appeared in August and September of 1981 as a new

recruitment of young, and is referred to as a 0+ age group.

Seasonal shell height vs.. body weight regression equations were

developed to convert the size of M. balthica to weight for calculation

of secondary production (Table 7, Fig. 8). Live animals were measured

and weighed to determine weight loss due to preservation. A correction

factor was then applied for each season to obtain a live AFDW estimate

from the preserved samples. The correction of preserved to live

weights was 71%. A test for equality of the regressions on preserved

weights according to the procedure of Neter and Wasserman (1974)

established that the shell height vs. weight relation varied by

season in the production estimates (Table 8). Using the regression

equations, the weight changes of three individuals of different sizes

were graphed during the year (Fig. 9). Animals weighed most for a

given shell height in the summer and fall, and least in the winter.

This corresponded to gonad development in summer and fall, and low

tissue increase in winter.

Total production by these five groups was estimated at 13.56g1m2/yr

(Table 9). The greatest portion of this production, 5.56g/rn2/yr came

from the C group, individuals that began the sample period as 0+ and

became the 1+ size class in 1981.
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Table 7. Regression equations relating shell height to body weight
for Macoma baithica. X log shell height; y = log10
weight.

DATE REGRESSION EQUATION R2

1) January 1982 (live) Y = 2.82677X - .1.79541 .9813 16
2) October 1980 Y = 2.50285X - 1.56080 .9878 6
3) January 1981 Y 2,55744X - 1.72167 .9853 11

4) April 1981 Y 2,39896X - 1.50962 .9849 9

5) July 1981 Y 2,16950X - 1.23169 .9813 11

6) All preserved dates Y = 2.30797X - 1.43039 .9667 37

Table 8. Statistical analysis of shell height to preserved body
weight of £4. balthica regression equations.

SSE (reduced model) SSE (full model) d.f. Sig./N.S. ( =.Ol)

0.6976 0.3351 6,29 Sig.
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Figure 8. Weight as a function of shell height for M. balthica
(yearly average).
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Figure 9. Seasonal change in weight of Macoma baithica at three
different shell sizes.



Table 9. Production calculations of Maconia baithica
(mg AFDW/0.0405m'7yr).

36

Sampling Year No. Mean wt./ Wt.incrernent Mean no. Production
month class mdiv.

w (mg)
since previous

sampling
w (mg)

during

N

increment
N w (mg)

A A 0 0 - - -

S A 2 18.45 - 1 -

0 A 2 18.45 0 2 -

N A 2 14.77 0 2 -

0 A 3 17.96 3.19 3 9.57
J A 2 15.38 0 3 -

F A 0 0 - 1 -

M A 0 0 - 0 -

A A 0 0 0 -

M A 4 11.58 - 2 -

J A 1 12.88 1.30 3 3.90
3 A 4 12.88 0 3 -

A A 4 11.55 0 4 -

S A 2 13.11 1.56 3 4.68
18.15

21 10.31
22 10.14 0 22 -

19 8.82 0 21 -

21 10.14 1.32 20 26.40
24 7.91 0 23 -

24 7.91 0 24 -

20 9.91 2.00 22 44.00
14 7.92 0 17 -

15 9.05 1.13 15 16.95
15 7.92 0 15 -

11 9.14 1.22 13 15.86
11 10.31 1.17 11 12.87
12 10.31 0 12 -

25 11.57 1.26 19 23.94
140.02



Table 9. continued
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Sampling Year No. Mean wt./ Wt.increment Mean no. Production
month class mdiv. since previous during increment

w (mq) sampling N , (mg)

(mg) N

A C 62 - - -

S C 60 0 61 0

0 C 40 0 50 0

N C 34 0.36 37 13.32
D C 32 0 33 0

J C 39 0 36 0

F C 44 0.23 42 9.66
M C 38 0.80 41 32.80
A C 30 0.65 34 22.10
M C 26 1.51 28 42.28
J C 24 2.47 25 61.75
J C 23 0 24 0

A C 25 1.02 24 24.48
S C 22 0.78 24 18.72

225.11

A D 56 - -

S D 96 0 76 0

0 D 111 0 104 0

D 142 0 127 0

D 0 141 0.0116 142 1.65
J D 120 0 131 0

F 0 120 0.012 120 1.44
M 0 134 0.009 127 1.14
A 0 123 0 129 0

M D 84 0 104 0

J 0 88 0.1122 86 9.65
J 0 58 0.144 73 10.51

A D 46 0.175 52 61.10
S D 22 2.347 34 79.80

165.29

7 - - -

71 0.0147 39 0.5733
0.5733

2
P549. l4mg/0.0405m



Pseudopolydora kempi

Young of P. pj first appear on the mudflat in August at a

width of 0.1mm - 0.3mm (Fig. 10). The large recruitment in 1980 was

followed by a general decrease in density until the next recruitment

of young in August of 1981. Even though the number of P. kempi

settling in 1981 was high, subsequent survivorship was very low com-

pared to 1980. Adults appear to live for more than one year, since

very large individuals were present past the time of recruitment.

Very few P. kempi had mature gonads at any time. The few mature

individuals were found in April and July. However, large P. kempi

tended to break in the region of the body where eggs are normally

stored (just behind the 10th segment). The body was swollen in that

region, delicate, and easily broken during screening. Thus, the

frequency with which females were ovigerous probably was poorly repre-

sented in these data.

Seasonal width vs. weight regressions were calculated to estimate

weight from the size data (Table 10, Fig. 11). A test following the

procedure of Neter and Wasserman (1974) showed no significant

differences between slope or intercept for equations 1-4, the four

seasonal width vs. weight regression equations (Table 11). Therefore,

the combined data (equation 5) were used to calculate weights for

production estimates (Table 10, Fig. 11). Since no P. kempi were

collected live, preserved weights were assumed to be 60% of live

weight based on information from H. florida.

Production was computed from the combined width/weight relation

of equation 5 and an analysis of cohorts. The results of the corn-

putation are summarized in Table 12. Three cohorts were recognized:
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Figure 10. Monthly width frequency histograms of Pseudopolydora
kempi.



40

Table 10. Regression equations relating body width to weight for
Pseudopolydora kempi. X = log10 body width; Y = 10910
weight.

DATE REGRESSION EQUATION R2 n

1) October 1980 V = 3.16106X - .821695 .9746 11

2) January 1981 V = 3.02889X - .803000 .8841 9

3) April 1981 1 = 2.54867X - 1.01292 .9390 7

4) July 1981 V = l.93583X - .855050 1.0000 2

5) All data combined V = 2.97008X - .962368 .9200 29

Table 11. Statistical analysis of regression equations relating
body width to weight of P. kempi.

SSE (reduced model) SSE (full model) d.f. Sig./N.S. ( = .01)

0.6134 0.4429 6,21 N.S.
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Table 12 Production calculations of Pseudopol,ydora kempi
(mgAFDW/D.O4Oni2/yr).

Sampling Year No. Mean wt./ Wt.increment Mean no. Production
month class mdiv. since previous during increment

(mg) saniplthg i+ N w (mg)
(mg)

A A 79 0.1412 - - -
S A 45 0.2645 0.1233 62 7.6446
0 A 44 0.3465 0.082 45 3.69
N A 40 0.2645 0 42 0
O A 27 0.3465 0.082 34 2.788
J A 23 0.2645 0 25 0
F A 3 0.3465 0.082 13 1.066
M A 3 0.4439 0.0974 3 0.2922
A A 1 0.6899 0.246 2 0.492
M A 0 - - - -
J A 0 - - -
J A 0 - - - -
A A 0 - - - -
S A 0 - - - -

15.9728
A B 211 0.0101 - - -
S B 196 0.0214 0.0113 204 2.3052
o B 177 0.0214 0 187 0
N B 157 0.0388 0.0114 167 2.9058
o B 167 0.0638 0.0249 162 4.0338
J B 81 0.0974 0.0337 124 4.1788
F B 83 0.0637 0 82 0
M B 90 0.0974 0.0337 87 2.9319
A B 101 0.1412 0.0438 96 4.2048
M B 49 0.1412 0 75 0
J B 24 0.1965 0.0553 37 2.0461
J B 21 0.2645 0.068 23 1.564
A B 8 0.2645 0 15 0
S B 5 0.4439 0.1794 7 1.2558

25.4262

A - -

S - -

0 - -

N - -

0 - -

.3 - -

F - -

M - -

A - -

M - -

J - -

3 C 3 0.0038 - -
A C 394 0.0038 0 199 0
S C 63 0.0214 0.0176 229 4.0304

4.0304
P=45 . 4294ngAFDW/0.

2
0405m

42
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a 1+ that disappeared by May (A), a 0+ that became a 1+ and continued

through the sampling period (B), and a new recruitment of 0+ in July

1981 (C). Total production of the three cohorts was estimated at

l.12g/m2/yr, with the largest contribution coming from the 0+ cohort

that grew into a 1+ group in summer 1981 (B). This group also con-

tained the few gravid individuals.

Hobsonia florida

The presence of gravid adults and recruitment pulses of young H.

florida suggested two reproductive periods, a large early summer peak

and a smaller fall peak (Figs. 12, 13). Gravid H. florida were present

in August and September 1980 and in February through September 1981.

However, the largest number of gravid individuals were present in fall

and late spring. The small cohort of young individuals that appeared

in September, October, and November 1980 decreased in numbers during

the year, but increased steadily in individual length. The next

pulse of small individuals began in May 1981. This increase in

numbers was far greater than that of the previous fall.

Regression equations estimating the width/weight relationship of

H. florida were calculated for both live and preserved individuals

(Table 13). A test of regression lines (Neter and Wasserman, 1974)

demonstrated that the weight of H. florida for a given body width did

not vary across seasons (Table 14). Therefore, equation 6 was used

in all production calculations to estimate weight for a given size

of individual (Table 13, Fig. 14). Based on the average difference

between the live weights and preserved weights derived from the
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Figure 13. Change in gonad condition of H. florida population.
Adults were considered to be all animals greater than
0.55 mm in width which was the width of the smallest
gravid animal found.



46

Table 13. Regression equations relating body width to weight for
Hobsonia florida. X = log10 body width; V = log10 weight.

DATE REGRESSION EQUATION n

1) January 1982 (live) Y = 2.91645X - .330543 .9490 10
2) October 1980 V = 2.76001X - .536804 .9827 4
3) January 1981 V = 2.22675X - .610148 .8360 12
4) April 1981 Y = 2.92300X - .357501 .9718 10
5) July 1981 = 2.15164X - .577173 .9790 11

6) All preserved dates V = 2.38632X - .536086 .9040 37

Table 14. Statistical analysis of regression equations relating
body width to weight of H. florida.

SSE (reduced model) SEE (full model) d.f. Sig./N.S. ( .01)

1.4121 1.0760 6,29 N.S.
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Figure 14. Weight as a function of body width for H. florida.
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January regression equation (3), preserved values were adjusted to

live values by dividing preserved weights by 0.60.

Four H. florida cohorts were identified during the year: 1) a

fall 1979 group (1+) which disappeared in April 1981 (A); 2) a spring

1980 cohort that disappeared 'in July 1981 (B); 3) a fall 1980 recruit-

ment that was present during the whole study (C); and 4) a late spring!

early summer 1981 recruitment (B).

groups was 1.37g1m2/yr (Table 15).

The total production of these four

The largest contribution (O.53g1m2/

,yr) came from the fall 1980 recruitment which was present all year.

However, within three months the large summer 1981 recruitment produced

O.46g/m2.

Lesser Taxa

Weight data were collected on the lesser taxa to assistin inter-

preting the density data and to estimate production (Table 16). These

weight data were considered either as yearly or seasonal averages. In

addition, enough N. limnicola and oligochaetes were collected live to

compare preserved to live weights for these taxa. Preserved N. lininicbla

were 67% of their live weight and preserved oligochaetes were 53% of

live weight.

N. limnicola and Eteone spp. had low average weights in the summer

arid ligni had low average weights in the fall. Hemileucon

spp. and çpjm salmonis may have two reproductive periods. The

oligochaete weight data represented averages for all oligochaete

species collected. The data suggested, however, that fewer large

oligochaetes were present in fall and spring. Turbellaria collected

did not indicate a seasonal change in average weight, although density
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Table 15. Production calcMlatjons of Hobsonia florida
(mgAFDW/0.0405m/yr).

Sampling Year No. Mean wt./ Wt.increment Mean no. Production
month class tndiv. since previous during increment

w (mg) sampling N (mg)

w(mg)

A A 12 0.2640 -

S A 13 0.3605 0.0425 13 0.5525
0 A 3 0.4027 0.0962 8 0.7696
N A 4 0.6770 0.2743 4 1.0972
D A 1 0.6424 0 3 0

J A 2 0.9926 0.3502 2 0.7004
F A 1 1.129 0.1364 2 0.2728
M A 1 1.129 0 1 0

A A 0
M A 0

J A 0

J A 0

A A 0

S A 0

3. 3925

A 8 59 0.0467 - -

S B 24 0.0332 0 42 0

0 B 38 0.0332 0 31 0

N B 30 0.0467 0.0135 34 0.459
D B 20 0.2848 0.2381 25 5.9525
J B 13 0.3527 0.0679 17 1.1543
F B 10 0.3527 0 12 0

M B 0 0.4566 0.1039 10 1.039
A B 0 0.5145 0.0579 9 0.5211

M B 6 0.7127 0.1982 8 1.5856
J B 2 0.9926 0.2799 4 1.1196
J 0

A - 0

S 0
11.8311
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Table 15. continued

Sampling Year No. Mean wt./ Wt.increment Mean no. Production
month class !ndiv. since previous during increment

w (mg) sampling (my)

w(rng) N

A C 37 0.0034 - - -

S C 131 0.0076 0.0042 84 0.3528
0 C 147 0.0076 0 139 0

N C 145 0.0076 0 146 0

B C 96 0,0138 0.0062 121 0.7502
J C 84 0.0223 0.0085 90 0.765
F C 77 0.0138 0 81 0

M C 81 0.0332 0.0184 79 1.5326
A C 52 0.0545 0.0213 67 1.4271

M C 32 0.2640 0.2095 42 8.799
J C 10 0.5449 0.2809 21 5.8989
J C 23 0.1899 0 17 0

A C 29 0.2252 0.0354 26 0.9204
S C 27 0.2640 0.0388 28 1.0864

21.5324

A - -

S - -

0 - -

N - -

B - -

J -

F - -

M - -

A - -

M B 131 0.0034 - - -

J B 1261 0.0076 0.0042 696 2.9232
J B 1069 0.0076 0 1165 0

A B 269 0.0223 0.0147 765 11.2456
S D 96 0.0467 0.0244 183 4.4652

18.6339
2

P55.3899mgAFDW/0. 0405m



Table 16. Weights of less common taxa by season or yearly average
measured in mg.

TAXON

Neanthes 1 imnicola

Eteone spp.
Polydora ligni
01 igochaete

Hemileucon sp.
Corophium sairnonis
Turbel lana
Rhynchocoel a

Heteromastus spp.
Mediomastus spp.
Pygospio elegans
Clinocardium nuttilli
Eogammarus confervicolus
Paraphoxus milleri
Gnorimosphaeroma oregonensi s

OCT. JAN. APRIL JULY AVE.WT. n

0.647 1.105 0.621 0.085 44

1.258 0.225 0.033 0.458 11

0.161 0.245 0.189 - 35

0.015 0.020 0.012 0.023 217

0.011 0.033 0.037 0.023 49

0.167 - 0.617 0.143 16

0.077 0.080 - 0.100 43

0.017 5

2.630 2

0.222 8

0.014 22

0.067 1

0.133 1

0.350 2

0.100 1
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information (Fig. 4) suggested a late summerJearly fall recruitment

period.

Secondary production of these lesser taxa was estimated using

four methods described as follows (Table 17). 1) Individual lesser

taxa contributed 5.3% of the average biomass during the study period.

The assumption was made that these taxa also contributed 5.3% of the

production (Buchanan and Warwick, 1974). On this basis, the lesser

taxa added O.90g/m2/yr. 2) The production was estimated by comparing

biomass of the lesser taxa with the biomass of H. florida and P. kempi,

considered to be more similar to the lesser taxa in turnover rates

than M. balthica (Warwick, Joint, and Radford, 1977). The lesser taxa

contributed 45% of the biomass of all species excluding M. balthica.

On this basis, production of lesser taxa was estimated to be 2.04g/m2/yr.

3) Estimates were also calculated based on the study of invertebrate

production to biomass estimates of Banse and Masher (1980) in which

P:B ratios were derived in a relationship of maximum weight of an

individual of a species to P:B. The rnacrofaunal production estimated

using this method was 4.97gJm2/yr for these lesser species. 4) Finally,

the oligochaetes and Pygospio elegans were considered meiofauria. Pro-

duction was recalculated using the meiofaunal regression relationship

of Banse and Masher (1980) for these very small infaunal organisms and

then added to the macrofaunal estimate for the other taxa. This

lowered the estimate of the secondary production of lesser taxa to

2.50g/m2/yr. These various modes of approximation suggest the pro-

duction of lesser taxa was on the order of 1 to 5g/m2lyr.
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Table 17. Production estimates of lesser taxa by using four methods.

I) Lsser tsa prodoctson prportiosal to HiomaSs of dxinaCt tasa (Buchanan and anid, 1974).

Species S of bioeass Production (gfs2fyr)

14. balthca 88.4 13.559

II. florida 2.8 1.368

P. ,rjj 3.5 1.122

Sub-total 94.7 16.049

Lesser taxa 5.3 0.898

Total 100.0 16.947

2) Lesser taRa production proportional to biomass of coeiiion polychate (larwick. Joint, and Radford. 1977).

Species S of biosass PrOductioC (g/52/yr)

H. flOrida 24.3 1.368

P. 30,2 1.122

Sub-total 54.5 2.490

Lesser tasa 45..5 2.079

100.0

3 8 4) (Bense and Moher, 1980)

Mae, RFDW I4et Wt,1
2

IfaCrOf.3 Melo.3 Prdution

Taxon () Jfl9j__ Kcal P:3 _iL... J102L2L11.

Oligochaste 0.023 0.144 0.00144 17 4.3 3264 825

Hemileucon op. 0.037 0.333 0.00033 12 120

Turbellaria 0.10 0.62 0.00062 10 320

P. jj3j, 0.245 1.53 0.00153 7 399

9. limnicola 1.105 6.91 0.00691 4 372

Medlamastus spp. 0.222 LII 0,00139 7 21

p. 0.0143 0.09 0.00089 20 5.1 40 10

C. salnonis 0.617 4.54 0.00454 5 75

Rynchocoela 0.250 1.55 0.00155 7 91

Eteone epp. 1.258 7.86 0.00786 4 88

Heteronastus sp, 2.63 16.40 0.0164 3 165

E. confervicalux 0.133 0.98 0.00098 8 8

P. sillerl 0.35 2.57 0.00257 6 6

. jsis 0.10 0.71 0.00071 9 2

C. nuttilli 0.067 0.86 0.00086 9 1

3) All considered nacrofauna: 4.972 g/m2/yr

4) All Considered rTacrofaune except oliqochaeteS and P. elegans (meiofauna): 2.504 glrn2yr

tCoaverslon from AEDW to Wet at. (Richardson, Carey. Colgate. 1977)

2Coflversinn frte Wet at, to Kcals (Banse and Mosher. 1980)

3tonverolon fros Kcal to P:B (Bunse and Mosher, 1980)
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V. DISCUSSION

Community structure was viewed in terms of diversity, evenness,

richness, and feeding strategies. In these terms the community as a

whole was quite stable. The only significant change in community

composition index values occurred during the Hobsonia florida recruit-

ment in June and July.

Although community structure remained stable, density of individual

taxa changed seasonally as a result of recruitment and mortality. Of

the environmental variables measured, salinity and temperature changed

seasonally. Only sediment composition did not change during the year.

However, surface salinity and water temperature changes could not be

directly related to spawning or recruitment activities even though the

cycle period is similar. This may in part be due to salinity and

water temperature changing rapidly over a 24-hour cycle depending on

tidal level and precipitation in the watershed. However, interstitial

salinity and temperature could relate more clearly to infaunal density

patterns, especially for taxa which are not surface oriented (eg.

oligochaetes and capitei'iids). The temperature and salinity changes

may also reflect the cycles of one of the primary food sources, the

benthic diatoms. As temperature (and day length) increase in the

spring, the benthic diatoms begin producing at a higher rate.

Benthic primary productivity was relatively high, and river water

and the surrounding marshes provided a good supply of detrital material.

Gross benthic primary production reached a high of 8lmgC/m2/hr and

sediment AFOW averaged approximately 200nigAFDW/m2 (P4clntire and
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Amspoker, 1983). These food sources supported a predominantly surface

deposit-feeding population of benthic infauna through the year.

Oligochaetes, although not dominant in terms of biomass (contri-

buting 1.8% of the community biomass), were numerically dominant. One

reason for this dominance is that oligochaetes were probably composed

of many species. This may also explain the lack of seasonal density

changes in oligochaetes (Fig. 4), if each species had a different

reproductive cycle. Also, oligochaetes were not quantitatively sampled

with the 0.5mm screen used. The amount of oligochaete loss through this

screen is suggested by a study in Grays Bay in the Columbia River estuary

where only 3% of the oligochaete population was captured on a 0.5mm mesh

screen. The rest were retained on screen sizes ranging down to 0.063m

in mesh (Jones et al, 1982). The general decrease in number of oligo-

chaetes (and therefore total density) is possibly due to an increase

in sieving efficiency (with more oligochaetes passing through the

screen) during the study.

The M. baithica population had one major spawning period (June and

July) during this study, and possibly a much smaller spawning period

in late September. The June and July spawning period was reflected

in the large number of spat settling in the fall following a planktonic

larval stage of 2-3 months (Henriksson, 1969). It is likely that some

spat settled later than the spawning period at the study site would

indicate, if populations living in deeper water had a late fall

spawning period. Macoma baithica commonly has two or more spawning

periods (Bachelet, 1980), and the relatively young population in Baker

Bay (<4 years old) may not be indicative of the reproductive patterns

of older populations occurring in deeper water which are present in
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Baker Bay and Youngs Bay in the lower Columbia River estuary (Higley,

et al.., 1983). Nichols and Thompson (1982) advanced this thesis,

reporting that M. baithica populations in high intertidal sites in

San Francisco Bay spawned once per year while lower intertidal popu-

lations spawned twice per year.

Growth in the Baker Bay population was rapid from May until

September. Although Bachelet (7980) and Nichols and Thompson (1982),

among other authors, suggest that spawning and growth activities are

directly temperature dependent, such may not be the case for M. baithica

in Baker Bay. The measures of temperature and salinity had wide ranges

within both winter and summer.months. However, were the data more

complete, the spawning of M. baithica could be related to degree-days.

They do become active as temperatures generally rise in the spring and

the benthic diatom primary production increases.

Annual production by M. balthica was 13.56g/m2/yr, and average

biomass was 9.32g/m2. These estimates provide a measure of average

yearly turnover (P:B) = 1.63:1. This value falls within the range of

estimates of M. balthica production:biomass from other areas listed

below:

Location

Tvaren Bay, Baltic Sea

Ythan estuary, Scotland

Lynher estuary, England

Gravelingen estuary, 0.30
Netherlands

Petpeswick Inlet (estuary),
Nova Scotia

P:B Reference

0.388:1 (Bergh, 1974)

2.07:1 (Chambers and Mime,
1975)

0.9:1 (Warwick and Price, 1975)

to 1.95:1 (Wolff and deWoiff, 1977)

1.9:1 (Burke and Mann, 1974)
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The M. baithica population in Baker Bay was young, considering

that individuals may live up to 35 years in the ocean at 5Cm of depth

(Bergh, 1974), but it was the rapid growth of the young which accounted

for the greatest amount of production. Baker Bay probably provides a

healthful environment for M. balthica to grow, but not to grow old.

First, it is a favorable place for spat to settle. Spat tend to

settle in areas that are sheltered, silty, and high in the intertidal

region (Beukema, 1973). Secondly, M. balthica grows faster at shallower

depths (Bergh, 1974; Bachelet, 1980). In addition, Baker Bay supports

a productive benthic diatom population and has a steady supply of

detritus. The older segment of the M. balthica population may prefer

the cooler and more stable environment of the deeper portion of the

estuary. They are capable of migrating (Brafield and Newell, 1961),

and it is possible that they move out of the shallow intertidal mud-

flats. Beukema (1973) found that juvenile P'l. baithica leave the high

level mudflats during the first winter and migrate to the lower inter-

tidal and subtidal areas. Birds may also feed selectively on the

large individuals in the intertidal regions.

The life history pattern of Pseudopolydora kempi in Baker Bay

was not clear in these data. There was a single recruitment in late

summer each year, but mortality was high following the 1981 recruitment.

Apparently this species undergoes fluctuations in abundance from year-

to-year. An estimated yearly turnover rate (P:B) of 3.34:1 was calcu-

lated based on the yearly production and average biomass of 1.l2g/m2/yr

and 0.34g/m2 respectively.

The fluctuations in recruitment and mortality of P. kempi probably

were accurately assessed in this study. Although the ovigerous specimens
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gonad maturity, the young were effectively sampled withthe 0.250mm

screen. None were found while spot checking July samples on a 0.125mm

screen. In addition, the early life history of this species is con-

ducive to a growth and production study. According to Blake and Wood-

wick (1975), the larvae are brooded in the egg capsule until they

reach at least 12 setigers in length. When released, they may be

planktonic for only several hours to days, or they may remain on the

bottom and begin the berithic phase immediately. Thus, mortality

between larval release and settlement is probably small.

Hobsonia florida life history data were probably complete, since

Zottoli (1974) states that H. florida (identified asAmphictes floridus

in his paper) eggs are fertilized in the tube where the larvae remain

until the two setiger stage. They then leave the tube and continue

growth in the mud. Thus benthic cores will effectively sample the

population at any size. In addition, except for the first few weeks

of development, the young are effectively retained on a 0.250mm mesh

screen (author's data). These life history attributes allowed accurate

field analysis of recruitment and growth. With an annual production

of l.37g/m2/yr and an average biomass of 0.30g/m2, the average yearly

turnover (P:B) estimate was 4.61:1.

Another ampharetid polychaete, acutifrons, common in

the River Lynher, Cornwall, England, has a life history similar to

Hobsonia florida (Price and Warwick, 1980). It is a sedentary, surface

deposit-feeding polychaete and has a benthic larval stage. It is an

annual species (living only for one year) in the River Lynher with

average yearly P:B ratios varying from 4.00 - 5.47, even though
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production varied two orders of magnitude over the 5 years of the

study from 0.12g/n12/yr to 12.54g/m2/yr. In addition, Warwick and

George (1980) reported that Arnpharete acutifrons had 3 cohorts present

in Swansea Bay, similar to the population structure of Hobsonia

florida in Baker Bay.

Estimating secondary production of lesser taxa can be very

difficult as these taxa have very different life history requirements

and trophic relationships. However, two of the four methods used to

calculate production were close in their estimates and were intuitively

reasonable in their approach. These were: 1) estimating production

as a direct proportion of lesser taxa biomass to H. florida and P.

ppj biomass (this gave a value of 2.04g/m2/yr) and 2) estimating

production by using P:B ratios of meiofauna (oligochaetes and P.

elegans) and macrofauna (all other lesser taxa) derived from the study

of Banse and Mosher (1980). The estimated production using this method

was 2.5OgJrn2/yr. It was more reasonable to use a bioniass comparison

of lesser taxa with M. balthjca excluded since Li. baithica was large

compared to the other taxa and its production to biomass ratio was

relatively low. When using the regression relationship of maximum

organism weight to P:B ratios (Banse and Masher, 1980), oligochaetes

should be considered as meiofauna since a very small percentage of the

population was retained on the 0.5mm mesh screen. The assumed P:B of

oligochaetes using this method (4.3) was close to that calculated for

oligochaetes (3) by Haka et al. (1974) (Warwick, Joint and Radford,

1977).

The total community production was estimated to be 18.32g/m2/yr

(Table 18). This estimate used the average of the two median



Table 18. Total community production.

TAXON

Macoma baithica
Hobsonia florida
Pseudopolydora kempi

Residual (lesser) taxa

PRODUCTION

13. 559

1.368
1 .122

16.049
2.271

2
18.320 gAFDW/m /yr

[4'
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calculations of lesser taxa production. Total community production

fell within reasonable bounds for an estuarine mudflat community on

the basis of the following two studies. Wolff (1977) estimated a

total production of a highly productive community in the Grevelingen

estuary in the Netherlands at 57.4gAFDW/m2/yr. Production estimates

from an intertidal Macorna community in the Lynher estuary, Cornwall,

England (Warwick and Price, 1975) were also similar to the Baker Bay

estimate at 13.3lg dry wt/m2/yr, or about ll.31gAFDW/m2/yr using a

conversion value of 0.85 (Winberg, 1971).

These two estuarine systems are not similar to the Columbia

River estuary even though all three estuaries support Macoma/polychaete

communities in areas of similar substrate. The European estuaries are

marine-dominated systems. The most important food sources in these

systems are benthic microphytobenthos, water column phytoplankton,

and import of organic detritus from the ocean. Baker Bay in the

Columbia River estuary, in contrast, is a river dominated bay with

little oceanic imput of detritus and very little water column phyto-

plankton production (Lara-Lara, 1983; Amspoker, personal communication).

However, it does have a large amount of detritus (probably primarily

of river origin) and a productive benthic diatom flora. it is an

estuarine system very different from the ocean influenced systems in

Europe and the salt-marsh systems on the east coast of North America.

However, the productivity of the benthic infauna in an intertidal

mudflat in Baker Bay is similar to benthic infauna in the European

estuaries reported here.
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VI, CONCLUSIONS

The Baker Bay mudflat was relatively stable during the study

period in terms of sediment composition,, while salinity and temperature

fluctuated on a seasonal basis. The structure of the benthic infauna

assemblage did not change as evidenced by the response of community

composition indices and dominant modes of feeding to taxa composition

and abundance through the year, except during June and July when the

Hobsonia florida recruitment occurred. However, individual taxa

abundances changed dramatically through the year as recruitment of

juveniles settled on the mudflat. The spawning and recruitment

activities of particular species could not be directly related to

environmental data collected during this study;

TheMacomabalthica population had individuals up to 3+ years

old and was t.he dominant taxa in terms of biomass. Spawning took

place on the intertidal mudflat at least once per year, although

juvenile M. balthica spat were present from September through May.

M. baithica grew rapidly in the spring and summer with secondary

production estimated at 13.56g/m2/yr.

Hobsonia florida and Pseudopolydora ke2j were the dominant poly-

chaetes. H. florida spawned and recruited twice per year and produced

l.37g/m2/yr during the study period. P. kempi spawned and recruited

young only once per year, but still produced an estimated 1.12g/m2/yr.

The production of the remaining taxa was estimated to be 2.27g/m21

yr by taking the average of two estimates. The first was based on the

biomass of the lesser taxa compared to that of H. florida and P. kempi

and the second was derived from P:B ratios calculated from the study of

Banse and Masher (1980).
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The total community production of 18.32g/m2/yr was comparable

to similar habitats in Europe, even though the Columbia River estuary

has different sources of food. Many of the difficulties in estimating

secondary production were simplified by studying an estuarine benthic

assemblage composed of three species which accounted for 94.5% of the

organism biomass in a homogeneous and stable intertidal niudflat.
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