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' Distribution and Abundance of Fishes and Invertebrates in West Coast Estuaries
Volume II: Species Life History Summaries

Introduction

This is the second of two volumes that present
information on the spatial and temporal distributions,
relative abundance, and life history characteristics of
47 fish and invertebrate species in 32 estuaries along
the contiguous west coast of the U.S. Information

" presented inthis volume focuses on species life history
summaries which were written to identify the critical life
history characteristics that help define a species’
occurrence in estuaries. These summaries were
developedto complementdata presented in Distribution
and abundance of fishes and invertebrates in west
coast estuaries, Volume I: Data summaries (Monaco et
al. 1990), hereafter referred to as Volume I. The life
history summaries are not a complete treatise on each
species; however, they provide a concise account of
the most important physical and biological factors
known to influence a species' occurrence.

This report is a product of the National Oceanic and
Atmospheric Administration’s (NOAA) Estuarine Living
Marine Resources (ELMR) program (inside front cover),
a joint study of the National Ocean Service (NOS),
National Marine Fisheries Service (NMFS), and other
research institutions. The objective of the ELMR
program is to develop a consistent data base on the
distribution, abundance, and life history characteristics
of important fishes and invertebrates in the Nation’s
estuaries. The nationwide data base is divided into five
study regions (Figure 1). This data base contains the
relative abundance and monthly occurrence of each

species’ life stage by estuary for three salinity zones
(seawater, mixing, and tidal fresh zones) identified in
NOAA'’s National Estuarine Inventory (NEI) Data Atlas
- Volume | (NOAA 1985). The Nationwide data base
contains information for approximately 135 fish and
invertebrate species in 122 U.S. estuaries.

Estuaries are among the most productive natural
systems and are important nursery areas that provide
food, refuge from predation, and valuable habitat for
many species (Gunter 1967, Joseph 1973, Weinstein
1979, Mann 1982). Estuarine organisms that support
important commercial and recreationalfisheries include
salmonids, crabs, and molluscs. In spite of the well-
documented importance of estuaries to fishes and
invertebrates, few consistent and comprehensive data
bases exist which allow examinations of the
relationships between estuarine species found in or
among groups of estuaries. Furthermore, much of the
distribution and abundance information for estuarine-
dependent species (i.e., species that require estuaries
during their life cycle) is for offshore life stages and
does not adequately describe estuarine distributions
(Darnell et al. 1983, NOAA 1988).

Only a few comprehensive sampling programs collect
fishes and invertebrates with identical methods across
groups of estuaries within a region ( Hammerschmidt
and McEachron 1986). Therefore, most existing
estuarine fisheries data cannot be compared among

NOAA NMFS,
Hammond, OR

West Coast
32 estuaries,
47 species

NOAA NMFS,
Galveston, TX

North Atlantic
17 estuaries,
58 species
Maine DMR,
Boothbay Harbor, ME
UNH, Durham, NH
Mid-Atlantic
22 estuaries,
61 species
NOAA SEA Division,
Silver Spring, MD
VIMS, Gloucester Point, VA

NOAA NMFS, Beaufort, NC

Southeast

20 estuaries,
40 species

Gulf of Mexico
31 estuaries,
44 species

Figure 1. ELMR study regions and regional research institutions.
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estuaries because of the variable sampling strategies.
Inaddition, existing research programs do not focus on
how groups of estuaries may be important for regional
fishery management, and few compile information for
species having little or no economic value.

Because life stages of many species use both estuarine
and marine habitats, information on distribution,
abundance, temporal utilization, and life history
characteristics are needed to understand the coupling
of estuarine, nearshore, and offshore areas. To date,
a national, comprehensive, and consistent data base
of this type does not exist. Consequently, there is a
need to develop a program which integrates fragments
of information on marine and estuarine species and
their associated habitats into a useful, comprehensive,
and consistent format. The ELMR program was
designed to help fulfill this need by developing a
uniform nationwide data base on selected estuarine
species. Results will complement NOAA efforts to
develop a national estuarine assessment capability
(NOAA 1985), identify information gaps, and assess

the content and quality of existing estuarine fisheries
data.

Data Collection and Organization

Volume | contains detailed distribution and abundance
data for 47 fish and invertebrate species in 32 west
coast estuaries, and a complete discussion of the
methods used to compile these data. However, a brief
description of methods from Volume | are presented
here to aid interpretation of distribution and relative
abundance tables included in the species life history
summaries presented in this report. The following
sections provide an overview of the estuary/species
selection process, and development of the ELMR data
base.

Selection of Estuaries. Nineteen estuaries and marine
embayments of the west coast (Figure 2) were initially
selected from the National Estuarine Inventory Data
Atlas: Volume | (NOAA 1985). However, 13 additional
west coast estuaries were added to the NEI (and ELMR
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Tijuana Estuary

B el

Figure 2. Location of the 32 west coast estuaries included in the ELMR program, and their salinity zones as
identified by the National Estuarine Inventory (NOAA 1985).
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program) due to their importance as habitat for west
coast fishes and invertebrates. Data on the spatial and
temporal distributions of species were compiled and
organized based on three salinity zones delineated for
each estuary in the NEI; tidal fresh (0.0 to 0.5%.),
mixing (0.5 to 25.0%.), and seawater (>25.0%.). While
some west coast estuaries do not contain all three
salinity zones (e.g., southern California embayments),
they were included because they provide important
habitat for many euryhaline species.

Selection of Species. To ensure that important west
coast estuarine species were included in the ELMR
study, a species list was developed and reviewed by
regional experts (Table 1). Four criteria were used to
identify the 47 species entered into the data base:

1) Commercial value - a species that commercial
fishermen specifically try to catch (e.g., Pacific herring
and Dungeness crab), as determined from catch and
value statistics of the NMFS and state agencies.

2) Recreational value - a species that recreational
fishermen specifically try to catch that may or may not
be of commercial importance. Recreational species
(e.g., steelhead and Callifornia halibut) were determined
by consulting regional experts and NMFS reports.

3) Indicator species of environmental stress - identified
from the literature, discussions with fisheries experts,
and from monitoring programs suchas NOAA’s National
Status and Trends Program (NOAA 1984). These
species (e.g., Pacific oyster and white croaker) are
molluscs or bottom fishes that consume benthic
invertebrates or have a strong association with bottom
sediments. Their physiological disorders, morphological
abnormalities, and ability to bioaccumulate
contaminantsindicate environmental pollution or stress.

4) Ecological value - based on several speciesattributes,
including trophic level, relative abundance, and
importance of species as a key predator or prey
organism (e.g., bay shrimp and topsmelt).

Data Sheets. A data sheet was developed for each
species in each estuary to enable quick compilation
and data presentation. For example, Figure 3 shows
the data sheet for threespine sticklebackin central San
Francisco, San Pablo, and Suisun bays. Data sheets
were developed by project staff and reviewed by local
experts. Data compiled for each species’ life stage
included: 1) the salinity zones it occupies, 2) its monthly
occurrence inthe zones, and 3) its relative abundance
in the zones.




Central San Francisco/San
Pablo/Suisun Bays

State: California
Reviewer: C. Armor

Threespine stickleback
Gasterosteus aculeatus

Salinity Life
Zone Stage

Relative Abundance by Month
J FMAMUJ J A S OND

Spawning
Juveniles
Larvae

Eggs
Adults

Tidal Fresh
0.0 - 0.5%.

Mixing Spawning 3
0.5 - 25.0%. | Juveniles 1
Larvae 2

Eggs 1

Adults K

Seawater jpaw'_'li"g g

25.0% venfes

>25.0% Larvae 3
Eggs | [3

Legend:  Relative Abundance Data Reliability (R)

1 = Highly Certain

[: = Not Present
=No Data

= Rare

2 = Moderately Certain

3 = Reasonable Inference

R - Abundant
B - iohly Abundant

Figure 3. Example of a species/estuary data sheet:
threespine stickleback in Central San
Francisco, San Pablo, and Suisun bays.

The relative abundance of a species was defined using
one of the following categories:

* Highly abundant - species is numerically
dominant relative to other species.

¢ Abundant - species is often encountered in
substantial numbers relative to other species.

e Common - species is generally encountered but
not in large numbers; does not imply an even
distribution over a specific salinity zone.

* Rare - species is present but not frequently
encountered.

» Not present - species or life stage not found,
questionable data as to identification of the
species, orrecent loss of habitat or environmental
degradation suggests absence.

 No information available - no data available, and
after expert review it was determined that even
an educated guess would not be appropriate.

Information was compiled for each of five life stages.
Adults were defined as sexually mature individuals,
juveniles as immature but otherwise similar to adults,

and spawning adults as those releasing eggs or sperm.
A few exceptions existed to these defined life stages,
such as mating of Dungeness crab, and parturition (live
birth) of the viviparous leopard shark and shiner perch.
In addition, the following unique life history information
is provided to interpret the data: 1) for the Pacific
oyster, spawning adults, larvae, and eggs are not
shown because spawning is sporadic (most spat is
hatchery produced and placed onbeds), 2) for the pink,
chum, coho, and chinook salmon, the onset of sexual
maturation (accompanied by morphological changes,
homing behavior, and a reduction in feeding/growth)
was used to define the beginning of the adult life stage,
and 3) because migrating juveniles of different races of
chinook salmon are difficult to separate in the field, the
data for juveniles of the different races of chinook
salmon include all races. However, yearling juveniles
(spring and winter races) usually migrate to the ocean
earlier than subyearling juveniles (fall race).

For well-studied species such as salmon, quantitative
data were used to estimate abundance levels. For
many species, however, reliable quantitative data were
limited. Therefore, regional and local experts were
consulted to estimate relative abundances based on
theabove criteria. Several reference or “guide” species
with abundance levels corresponding to the above
criteria were identified for each estuary. These guide
species typified fishes and invertebrates belonging to
a particular life mode (e.g., pelagic, demersal) or
occupying similar habitats. Once guide species were
selected, other species were then placed into the
appropriate abundance categories relative to them.
These data represent relative abundance levels within
aspecificestuary only; relative abundance levels across
west coast estuaries could not be determined.

Information in Volume Iwas compiled for each species
and estuary combination, and organized into four data
summaries:

« Spatial distribution and relative abundance
» Temporal distribution

¢ Data reliability

* Presence/absence data

When compiled in this manner, the data can be easily
translated into various tables, such as the overall
occurrence of ELMR west coast species depicted in
Table 2. Appendix tables 1-3 are examples of how the
data were summarized and presented in Volume |.
Appendix table 4 provides the west coast ELMR
presence/absence data.




Table 2. Occurrence of 47 species in west coast estuaries. Symbols represent the highest relative abundance of adults or juveniles
of a species, in any salinity zone, in any month, within each estuary.
* Includes C. San Fran., Suisun, San Pablo Bays.
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Data Verification. Approximately 3years were required
to develop the 1,760 data sheets and consult with
regional and local experts. Each data sheet was
carefully reviewed during consultations or by mail.
These important consultations complemented the
published and unpublished literature and data sets
‘compiled by NOAA. Ninety-one scientists at 26
institutions or agencies were consulted. Local experts
were patrticularly helpful in providing estuary/species-
specific information. They also provided additional
references and contacts and identified additional
species to be included in the ELMR data base.

Data Content and Quality | ;

An important aspect of the ELMR program, especially
since it was based primarily on published and
unpublished literature and consultations, was to
determine the quality of the data used. For many
species, gear selectivity, difficulty in identifying larval
stages to species, and difficulty of sampling various
habitats has limited the amount of reliable information.
Therefore, a deliberate effort was made to assess the
overall reliability of the data base so it could be used
appropriately. Estimates of the reliability of distribution
and abundance information organized by species, life
stage, and estuary are presented in Volume I (p. 149-
184). Data reliability was rated numerically as:

1= Highly certain. Considerable sampling data
available. Distribution, ecology, and preferred habitats
well-documented within an estuary.

2= Moderately certain. Some sampling data available
for an estuary. Distribution, preferred habitats, and
ecology well-documented in similar estuaries.

3= Reasonable inference. Little or no sampling data
available. Information on species distributions, ecology,
and preferred habitats documented in similar estuaries.

Appendix table 3 is an example of how data reliability
estimates were summarized in Volume I, and the
following section presents an analysis of that volume’s
data reliability estimates.

Analysis of Data Content and Quality. Toassess the
overall certainty of the ELMR west coast data, mean
data reliability was calculated by estuary, species, and

life stage. Mean data reliability was calculated using

data reliability values for only those species and life
stages that were known to occur within an estuary.
This allowed accurate comparisons between estuaries
and species since species and life stages known to be
absent were always recorded as highly certain.

This analysis identified estuaries, species, and life
stages that have the most reliable information and
those with the poorest. This information, combined
with the data in Volume I, clearly defines the ELMR
species, life stages, and estuaries which should be the
focus of research efforts. Future research should
include a comprehensive and consistent sampling
program to quantify species distributions and
abundances within and across estuaries. In addition,
life history data (like the information in this report)
should be compiled, especially for those species that

Mean data reliability

Less certain Highly certain

3.0 2.5 2.0 1.5 1.0
1
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Figure 4. Mean data reliability of fish and
invertebrate data collected for 32 west
coast estuaries.
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may not have economic value, but are ecologically
important.

Mean data reliability of fish and invertebrate data for
west coast estuaries ranged from 2.8 (poorly-studied
Nehalem Bay) to almost 1.2 (highly-studied Columbia
River) (Figure 4), with an overall average of 2.0
(moderately certain). In general, the reliability estimates
reflect the amount of fisheries research that has been
conducted within an estuary. These data reveal that
large estuaries (Puget Sound, Hood Canal, Skagit
Bay, Columbia River, and San Francisco Bay) have
beenrelatively well-studied, while most small bays and
estuaries have not. Developed estuaries (i.e., those
subjected to dredging and filling, jetty and port
construction, and nearby urbanization) and their
drainages typically have been the focus of numerous
research studies. In contrast, some of the least-
developed estuaries (Willapa Bay, Nehalem Bay, Siletz
River, and Tomales Bay) appear to be the least-
studied. Hence, there appears to be a need to collect
baseline fish and invertebrate distribution and
abundance data from relatively undeveloped and
unpolluted estuaries.

When analyzed by species (Figure 5), the data show
that salmonids and Pacific oyster have the best data
reliability (<1.6). This reflects the economic value of
these species and consequently the large number of
research studies that have focused on them. Poorly-
studied species (data reliability >2.0) include California
jackknife clam, Pacific gaper, bay shrimp, cutthroat
trout, three smelt species, Pacific tomcod, topsmelt,
jacksmelt, threespine stickleback, arrow goby, Pacific
sand lance, and Pacific staghorn sculpin. Most of
these species have not been studied because they are
not commercially important. However, some (e.g.,
Pacific sand lance) have potential for increased
commercial harvest or as indicators of environmental
health, and should be the focus of future research.

When analyzed by life stage, data for juvenile and adult
life stages were most reliable (1.8and 1.7, respectively),
while data pertaining to spawning adults, larvae, and
eggs were less certain (average >2.3). Thisreflectsthe
number of research studies which have concentrated
on adult and juvenile life stages. Species-specific
studies of spawning adults, larvae, and eggs, have not
been conducted in most estuaries. Thus, some of the
information for these life stages was inferred from life
history studies and data from similar estuaries.
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Species Summaries

A concise life history summary was written for each
species to provide an overview of how and when a
species uses estuaries and what specific habitats it
uses. The summaries highlight species-specific life
history characteristics that relate directly to estuarine
spatial and temporal distribution and abundance (e.g.,
many molluscs have particular salinity and substrate
preferences). Information for the species life history
summaries was gathered primarily from published and
unpublished literature; individuals who had species-
specific knowledge were also consulted. Summaries
were written using the format shown in Table 3. A
glossary of scientific terms used in the species
summaries is provided after the last summary (p. 273).

Included with each summary is a relative abundance
table based on ELMR data from Volume I. This table
provides a synopsis of the species’ occurrence in 32
west coast estuaries. Information for each table was
obtained by summarizing the ELMR data for each
month of the yearand across all salinity zones to obtain
the highest level of abundance for each life stage.
Hence, these tables depict a species’ highest
abundance within an estuary, but lack the temporal
and spatial definition provided in Volume |I.

Life History Tables. While the species life history
summaries provide brief accounts of important life
history attributes, they do not permita directand simple
assessment of characteristics that a species shares
with others (or lacks altogether). Furthermore, many
life history attributes are categorical (e.g., feeding
types can be classified as carnivore, herbivore,
detritivore, etc.) and more easily viewed.in a tabular
format. Therefore, information found inthe species life
history summaries was augmented with additional
physical and biological criteria and condensed into four
life history tables (Appendix tables 5A-5D). Major table
headings are: Biogeography, Habitat Associations,
Biological Attributes and Economic Value, and
Reproduction (Figure 6). These tables present life
history characteristics for each species along with
behavior traits and preferred habitats. They reflect the
most current information about a species as gathered
from published and unpublished literature and can be
used to quickly identify species with similar traits. For
example, areaderinterested only in pelagic (as opposed
to benthic) species can use Appendix table 5B, Habitat
Associations, to identify relevant species. In addition,
terms used in the life history tables are defined in
Appendix 6.

Concluding Comments

As it becomes apparent that the cumulative effects of
smallalterations in many estuaries have a total systemic
impact on coastal ocean resources, it is more important
than ever to compile consistent information on the
Nation’s estuarine fishes and invertebrates. Although
the knowledge available to effectively preserve and
manage estuarine resources is limited, the ELMR data
base provides an important tool for assessing the
status of estuarine fauna and examining their
relationships with other species and their environment.
These life history summaries and life history tables
highlight many of the biological and environmental
factors that play a role in determining each species’
distribution and abundance. Together, the ELMR data
base and life history information will provide valuable
baseline information on the biogeography and ecology
of estuarine fishes and invertebrates, and identify gaps
in our knowledge of these valuable national resources.

The ELMR programis continuingtocompile and assess
estuarine biological and physical data to improve the
Nation’s ability to manage coastal ocean resources.
Forthcoming reports will help further define the
importance of west coast estuaries to fishes and
invertebrates. One of these reports will present
information on salmonid hatchery production and
escapement for several west coast estuarine basins.
Another will present results of multivariate analyses of
the ELMR west coast fish data to identify the coupling
of species distributions and estuarine physical and
hydrological characteristics.
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Blue mussel

Mytilus edulis
Adult

2cm

Common Name: blue mussel

Scientific Name: Mytilus edulis

Other Common Names: bay mussel, edible mussel,
black mussel, pile mussel (Gates and Frey 1974)
Classification (Bernard 1983)

Phylum: Mollusca

Class: Bivalvia

Order: Mytiloida

Family: Mytilidae

Recent research has shown that Pacific coast “Mytilus
edulis “ populations may actually be composed of two
distinct species: M. trossulus Gould, 1850, distributed
from northern California through Alaska and the Soviet
Union, and M. galloprovincialis Lamarck, 1819,
distributed in Japan, Hong Kong, South Africa, the
Mediterranean Sea, the Atlantic coasts of Europe and
the British Isles, and southern California. In central
California, both species are present along with hybrids
(McDonald and Koehn 1988). However, this species
summary presents information using the previous
nomenclature of M. edulis.

Value

Commercial: Between 1942 and 1947, up to 1,350 t
were harvested annually in the United States (Cheney
and Mumford 1986), but the harvest declined
dramatically after that period. Since the 1960s,
cultivation and harvesting increased; in 1981, 7,500 t
were landed with most cultivation and harvesting
occurring on the east coast, primarily in New England
(Cheney and Mumford 1986). Cultivation of blue
mussels has recently been initiated in Oregon and
California coastal waters, and in Puget Sound,
Washington. Presently, mussels are commercially
harvested from California offshore oil platforms.

However, California inland waters are closed to
harvesting from May 1 to October 31 (both sport and
commercial) because of potential for paralytic shellfish
poisoning. Six culture methods are currently employed:
raft, post, bottom, pole and line, long line, and rack.
Spainis currently the world’s largest producer of cultured
blue mussels (Oceanographic Institute of Washington
1981). There appears to be an excellent opportunity
for more U.S. aquaculture of this species (Lutz 1980).

Recreational: Estimates of blue mussels harvested by
sportsmen are presently unknown. However, this
species is regularly used as bait and human food
throughout its range.

Indicator of Environmental Stress: Since it readily
takes up and concentrates contaminants in the marine
environment, this species hasbeenused as a “sentinel”
of environmental quality (National Research Council
1980, Broman and Ganning 1986). Increased
temperatures can interact with zinc and salinity to
accelerate toxic effects (Cotter et al. 1982). Even low
concentrations of tributyltin oxide (a paint additive)
reduce mussel growth hyperbolically (Strgmgren and
Bongard 1987). Adecline inthe scope forgrowth of M.
edulishasbeen correlated withincreasing body burdens
of chromium, copper, mercury, silver, aluminum, zinc,
total chlordanes, and dieldrin (Martin et al. 1984).
Heavy metals, particularly mercury and copper, inhibit
byssal-thread formation. Leadisincorporated atarate
that is linear with seawater concentration, thus making
this an ideal animal for monitoring lead pollution in
marine environments (Haderlie and Abbott 1980).
Mussel embryos are highly sensitive to trace metals
(Martinetal. 1981). Crude oilis not highly toxic to adult
and juvenile blue mussels (Roberts 1976).

14



Blue mussel continued

Table 1. Relative abundance of blue mussel
in 32 U.S. Pacific coast estuaries.
Life Stage
S JL
: .:

Estuary
Puget Sound
Hood Canal
Skagit Bay
Grays Harbor

Relative Abundance:
Highly abundant
Abundant
Common

Rare

Not present

Willapa Bay

Columbia River

Nehalem Bay

Life Stage:

A - Adults

S - Spawning adults
J - Juveniles

L - Larvae

E - Eggs

Tillamook Bay
Netarts Bay
Siletz River

Yaquina Bay

Alsea River

Siuslaw River

Umpqua River
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Rogue River

Klamath River
Humboldt Bay
Eel River

Tomales Bay

* Includes Central San
Francisco, Suisun,
and San Pablo Bays.

Cent. San Fran. Bay *

South San Fran. Bay
Elkhorn Slough
Morro Bay

Santa Monica Bay

San Pedro Bay

Alamitos Bay

Anaheim Bay

Newport Bay

Mission Bay

San Diego Bay

Tijuana Estuary
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Ecological: Aggregations of this species often form a
distinct “band” on substrates (pilings, rocks, etc.) where
environmental conditions are suitable. These bands
have a characteristic animal assemblage (i.e., mussel
shells also provide substrates for barnacles, hydroids,
bryozoans, and ascidians) (Kozloff 1976, Ricketts et al.
1985). This species is a common fouling organism.
Larvae are important prey for carnivorous
zooplanktivores (Bayne 1976). Blue mussel populations
appearto beimportantin cycling nitrogen, phosphorus,
and amino-nitrogen in some marine environments
(Kautsky and Wallentinus 1980, Kautsky 1981, Kautsky
and Evans 1987). Genetic differences between
populations may enable them to invade suboptimal
habitats (Koehn et al. 1984, Mallet et al. 1987).

Range

Qverall: The blue mussel, cosmopolitan in temperate
and cold seas (Bernard 1983), is very abundant in
quiet-water locations from Puget Sound to Alaska
(Ricketts et al. 1985). In the Pacific Ocean, it ranges
from Alaska to Cedros Island, Mexico (Morris 1966). It
is also found on the west coast of South America, and
in Japan, Australia, and the North Atlantic (Haderlie
and Abbott 1980). Onthe east coast of North America,
the blue mussel ranges from Cape Hatteras, North
Carolina to Labrador (Newell 1989). In the western
Atlantic, itis found in Great Britain, Ireland, Scandinavia,
and the Baltic Sea.

Within Study Area: This species is found in nearly all
Pacific coast estuaries, but is most abundant in the

northern part of its range (Table 1). In many southern
California estuaries, this species is restricted to whart
pilings and the undersides of floating docks (Ricketts et
al. 1985).

Life Mode

Eggs and larvae are pelagic. Juveniles and adults are
sessile and epibenthic, living on hard or rocky bottoms
orany relatively stable habitats (pilings, wharfs, hanging
ropes, etc.). Juveniles and adults do not need light and
are often found underneath floating objects. They
attachthemselves tothese substrates by byssalthreads.
Alllife stages can be found in estuaries and in nearshore
marine environments. Juveniles and adults do not
dominate exposed nearshore rocky marine habitats;
the California mussel M. californianus appearsto have
a competitive advantage in these areas.

Habitat

Type: All life stages inhabit marine and estuarine
environments. They are most often found in estuaries
or protected bays, since they prefer quiet water. Blue
mussels occur primarily intertidally to 5 m depth, but
have been foundto 36 m (Cheney and Mumford 1986).
In many northern locations, they are found only
sublittorally (Seed 1976). The upper tidal limit of blue
mussels is related to physical factors (e.g., exposureto
air and desiccation), while the lower limit is probably
determined by predation (Seed 1976).

Substrate: Plantigrades (late larval stages) appear to
use algae-covered substrates initially before finding
final attachment sites (Seed 1976). Juveniles and
adults can be found on a variety of substrates, ranging
from coarse unconsolidated substrates to rocky
outcrops. Almost any fairly stable substrate can be
used for settlement; including many man-made objects
such as pilings, ropes, wharfs, boat bottoms, buoys,
etc. (Shaw et al. 1988).
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Blue mussel continued

Physical/Chemical Characteristics: This species is
found in waters that range in temperature from -4 to
30°C (Bernard 1983). It can withstand temperatures of
1.7-26.7°C (Cheney and Mumford 1986), but
temperatures above 20°C appearto be stressful (Hines
1979). Trochophore development occurs best withina
salinity range of 30 to 40%. and temperatures of 8-18°C
(Bayne 1965). Larval survival at salinities from 15-
40%. and temperatures of 5-20°C is good, but drops
drastically at 25°C. Optimum larval growth occurs at
20°C in salinities of 25-30%. (Brenko and Calabrese
1969). Juveniles and adults tolerate salinities of 5-
37%o.and canwithstand 0%.fora short period. Optimum
temperature for juvenile and adult growth is 10-20°C
(Haderlie and Abbott 1980) and optimum salinity is 10-
30%o; it can tolerate low oxygen for several days. The
blue mussel prefers areas with slow to medium water
currents and areas protected from surf. Limited data
suggest that environmental requirements may limit
embryonic development, especially in estuarine
populations (Bayne 1976). It appears that when water
conditions become adverse, adult and juvenile mussels
will isolate themselves from these conditions (close
shelland reduce pumping activity) and rely on anaerobic
metabolism (Aunaas et al. 1988). Bay mussels are
often infected with the parasitic copepod Mytilicola
orientalis (Bradley and Siebert 1978).

Migrations and Movements: Larvae swim freely for
approximately 4 weeks, settling mainly in the summer
in southern California (Haderlie and Abbott 1980). In
Puget Sound, peak settlement varies widely but usually
occurs from late Aprilthrough early July. The period of
settlement appears to depend primarily ontemperature
(Skidmore and Chew 1985). Post-larval mussels
secrete long, single, unattached byssalthreads, which
increase drag and allow young mussels to be carried
by weak currents (Haderlie and Abbott 1980).
Plantigrades often attach and detach themselves many
times before finally settling (Seed 1976). Larvae may
undergo diurnal vertical migrations and “selective
swimming” (swimming at different tide stages), thus
aiding retention in estuaries (Bayne 1976). Juvenile
and adult blue mussels appear to be more mobile than
M. californianus. Blue mussels apparently cancrawlto
the edge of mixed colonies. This ability also permits
them to move when sedimentation threatens to bury
them (Haderlie and Abbott 1980).

Reproduction

Mode: The blue mussel is gonochoristic (but some
hermaphroditism has been reported), oviparous, and
iteroparous. It is a broadcast spawner; eggs are
fertilized externally.

M

in wning: In Willapa Bay, Washington,

spawning occurs when water temperatures warm to
18°C (late spring or summer) (D. Tufts, Willapa Bay
Shellfish Lab., Washington Department of Fisheries,
P.0.Box 190, Ocean Park, WA, pers.comm.). Mussels
in British waters spawn when water temperatures rise
from9.5°C to 11-12.5°C (Chipperfield 1953). In Puget
Sound, Washington spawning occurs from late spring
through midsummer, with the spawning duration being
a few weeks in any location (Cheney and Mumford
1986). Spawning begins in May in northern California,
with partially spent mussels found until November
(Edwards 1984). In southern California, some males
may be ripe all year-round, but females have mature
ova from November-May (Moore and Reish 1969,
Haderlie and Abbott 1980). In British Columbia, most
blue mussels appearto spawnin spring, but some may
also spawn again in fall (Emmett et al. 1987). Mussels
are stimulated to spawn by increasing water
temperature, mechanical action, strong wave action,
lunar cycle, and various chemicals (Cheney and
Mumford 1986).

Fecundity: Fecundities range from 3 million to 6 million
eggs per female (Skidmore and Chew 1985).

Growth and Development

Egq Size and Embryonic Development: Eggs are ovoid
and 0.068-0.070 mm in diameter (Bayne 1976).
Embryonic development is indirect and external, and
takes about 48 hours.

Age and Size of Larvae: Fertilized eggs first form

trochophore andthen veliger larvae; theselarval stages
do not have a shell. Once secretion of the shells has
started, the larva is called a veliconcha. In this form,
locomotionis provided by the velum. Asthelarvanears
metamorphosis, a pedal organ develops; when this is
functional, the larva is called a pediveliger. After
secretion of the adult shell (dissochonch) begins, the
larvais called a plantigrade (Bayne 1976) and is ready
to settle out of the water column. The length of the
larval stages depends on food availability, temperature,
salinity, and other variables (Bayne 1976). Larvae
mature into spat in 3-4 weeks, butmay remain planktonic
for up to 10 weeks (Cheney and Mumford 1986).
Veliger larvae are about 0.110-0.260 mm wide;
plantigrades are approximately 0.26-1.50 mm wide
(Bayne 1976).

Juvenile Size Range: The blue mussel is 1.0-1.5 mm

long at settlement (Newell 1989). Growth rates are
highly variable depending on area, temperature, food
availability, and other factors.

Age and Size of Adults: Most appearto maturein about

ayear, depending onfood availability and other physical
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factors. The smallest adults may be 10 mm long and
they rarely grow more than 5cm long. However,
specimensupto 10 cmlonghave been found (Ricketts
et al. 1985). Cultured mussels can reach 50 mm long
(marketable size) in 12-13 months in Puget Sound
(Skidmore and Chew 1985). This size is reached in 2-
3 years in natural California populations. The oldest
recorded specimens (18-24 years old ) were from cool
northern climates (Seed 1976). Growth may be limited
by immersion time which in turn may be a result of
vertical distribution (Suchanek 1978).

Food and Feeding

Trophic Mode: Larvae, juveniles, and adults are
planktivorous filter feeders; pelagic detritus and
planktonic organisms are trapped by mucus sheets
that move over the gills. They can select food items
and reject non-food items.

Food Items: Larvae feed on phytoplankton. Juveniles
and adults feed on detritus, phytoplankton (such as
dinoflagellates) and organisms as small as 4-5 um in
diameter (Incze et al. 1980). Organic detritus canbe a
major food source, and they also absorb dissolved and
particulate organic compounds (Haderlie and Abbott
1980).

Biological Interactions

Predation: Predation has at times resulted inthe loss of
50% of the harvestable blue mussels in an area.
Important predators include perch (Embiotoca lateralis
and Rhacochilus vacca), crabs (Cancer spp., and
Pachygrapsus crassipes), starfish (Pisaster ochracea),
snails (Nucella spp.), and scoter ducks (Melanitta spp.
and Oidemia nigra) (Waterstrat et al. 1980,
Oceanographic Institute of Washington 1981).
Planktivorous fishes and invertebrates are important
predators of blue mussel larvae.

Factors Influencing Populations: Paralytic shellfish
poisoning canreduce mussel abundances (Reish 1963)
and may result in unharvestable products. Diseases
such as hemocytic neoplasiamay also cause substantial
mortality (Elston et al. 1988). Pollution (both industrial
and residential) is a major problem for mussel growers
(Oceanographic Institute of Washington 1981). Other
factors which reduce this species’ abundance are
diseases, fouling, and storms. The mortality rate
during the pelagic larval stage is probably as high as
99% (Bayne 1976). Causes of larval mortality include
predation, excessive dispersal, and unsuitable physical
parameters. Adult mortality may also be caused by
spawning-related stress (Emmett et al. 1987). The
blue mussel’s upper intertidal distribution appears to
be related to the survival of settling spat (Ross and
Goodman 1974). Lower distribution is most often

related to predation. Above mean tide level, the blue
mussel competes with Balanus glandula (Ross and
Goodman 1974).
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Pacific oyster

Crassostrea gigas
Adult

Common Name: Pacific oyster

Scientific Name: Crassostrea gigas

Other Common Names: Japanese oyster, Miyagi
oyster, giant oyster, immigrant oyster, giant Pacific
oyster (Fitch 1953, Gates and Frey 1974, Wolotira et al.
1989)

Classification (Bernard 1983a)

Phylum: Mollusca

Class: Bivalvia

Order: Pterioida

Family: Ostreidae

Value

Commercial: The Pacific oyster is a highly valuable
estuarine speciesthatis cultured in appropriate habitats
all over the world, including Australia, Japan, Hawaii,
Palau, southwest Europe, and the Pacific coast of
North America (Haro et al. 1981, Lee et al. 1981,
Menzel 1974, Quayle 1988). It was introduced to the
United States from Japan in the early 1900s and has
been cultured ever since (Quayle 1988). In North
America, they are harvested from southeast Alaska to
northern Baja California, with most produced in
Washington and southwest British Columbia waters
(Wolotiraetal. 1989). Itis Washington’s most valuable
shellfish resource (Pauley et al. 1988). In 1982,
Washington alone harvested over 2,700 t of meat,
worth $20.4 million, and representing over 70% of all
Pacific coast harvests (Cheney and Mumford 1986).
About half of Washington’s landings come from Willapa
Bay (Hedgpeth and Obrebski 1981, Washington
Department of Fisheries and Washington Department
of Ecology 1985). Otherimportant western U.S. areas
include the southern waters of Puget Sound, Hood
Canal, Grays Harbor, Tillamook Bay, Yaquina Bay,
Coos Bay, Humboldt Bay, Tomales Bay, Drakes Estero,

Bolinas Lagoon, and Morro Bay (Barrett 1963, Pauley
et al. 1988, Wolotira et al. 1989). Nearly all Pacific
oysters are cultivated on “oyster farms” in protected
coastal estuaries. Since successful spawning in many
estuaries is erratic, Pacific coast hatcheries have been
developed to produce spat, which is then sold to oyster
growers who use this to “seed” their oyster beds. Prior
to the development of these hatcheries, all seed was
imported from Japan (Conte and Dupuy 1981, Ricketts
et al. 1985, Pauley et al. 1988). The seed is allowed to
grow, but clusters may have to be broken up and the
oysters moved to fattening grounds before harvest
(Beattie et al. 1981). Pacific oysters are harvested
primarily by hydraulic dredge, tongs, and hand-picking
(Frey 1971, Cheney and Mumford 1986). Most oysters
are sold fresh-shucked and frozen, while some are
canned or sold fresh in the shell. The Japanese have
cultured Pacific oysters for over 300 years, and have
developed numerous raft, line, and pole mariculture
methods instead of on-bottom methods used primarily
inthe U.S. and British Columbia (Bardach et al. 1972,
Haderlie and Abbott 1980, Gunn and Saxby 1981,
Pauley et al. 1988).

Recreational: Although most oysters are cultivated,
some wild beds do exist in Washington and British
Columbia. In Puget Sound and Hood Canal, the daily
limit is 18/person, withthe seasonopen from September
16 to July 14, except for a couple of state parks
(Washington Department of Fisheries 1986, Wolotira
et al. 1989). Oysters are primarily taken in intertidal
regions to depths of <1.6 m (Wolotira et al. 1989).

Indicatorof Environmental Stress: Because of its relative

hardiness and ability to concentrate contaminates, the
Pacific oyster has been used to indicate water quality
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Table 1. Relative abundance of Pacific oyster
in 32 U.S. Pacific coast estuaries.
Life Stage
Estuary A S JLE
Puget Sound |@| |@| || Relative abundance:
Hood Canal |@| |@] - @  Highly abundant
Skagit Bay {O O : g gbundam
Grays Harbor (@1 | @ N Rz:‘emon
Willapa Bay e e Blank Not present
Columbia River
Nehalem Bay
Tillamook Bay | @ e Life stage:
Netarts Bay |@| @] A- Adults
- - 1 S - Spawning adults
Siletz River |- J - Juveniles
YaquinaBay [@]  |@] L- Larvae
Alsea River bl E - Eogs
Siuslaw River
Umpqua River |QO @]
Coos Bay (@ [ ]
Rogue River
Klamath River L
Humboldt Bay |@| |@]
EelRiver | | | =
Tomales Bay |@ @
Cent. San Fran. Bay * v v * Includes Central San
South San Fran. Bay | V N ;Z”gi:nwﬁ :blfjasg:}s.
Elkhorn Slough | v v
Morro Bay |@ ®
Santa Monica Bay | i
San Pedro Bay
Alamitos Bay
Anaheim Bay
Newport Bay
Mission Bay
San Diego Bay
Tijuana Estuary
A SJLE

problems in many estuaries. For example, antifouling
paints containing copper and tri-n-butyltincause oyster
shell thickening, alter growth rates, increase oxygen
consumption, and may affect larvae viability (Paul and
Davies 1986, His and Robert 1987, Lawler and Aldrich
1987, Quayle 1988). Presently, many estuarine areas
are closed to oyster culture and harvest because of
bacterial contamination commonly associated with
urban centers, marinas, and sewage outfalls (Cheney
and Mumford 1986).

Ecological: The Pacific oyster is the dominant bivalve
species in many estuarine areas where it is cultured.
Many other “exotic” organisms were introduced in
Pacific coast estuaries along with Pacific and Virginia
oysters (C. virginica). These exotics include sponges,

cnidarians, polychaetes, molluscs, crustaceans, and
bryozoans; many of these introduced species are
predators or competitors with native species or are
mariculture pests (Smith and Carlton 1975, Ricketts et
al. 1985, Quayle 1988). Pacific oysters appear to
successfully compete with the native oyster (Ostrea
lurida), which is now restricted to typically deep low
salinity areas (Sayce 1976).

Range

Qverall: The Pacific oyster is atemperate species that
is now found in southern Australia to New Zealand,
Hawaii, Palau, alongthe Asian coast from Chinato the
southern Kuril Islands, and the North American coast
from southeast Alaska to northern Mexico (Morris
1966, Young 1966, Haro et al. 1981, Lee et al. 1981,
Quayle 1988, Wolotira et al. 1989). The Portuguese
oyster (C. angulatus), which ranges from Portugal,
England, and southwest Europe, may be the same
species (Menzel 1974, Wolotira et al. 1989).

Within Study Area: The Pacific oyster is found in most
Pacific coast estuaries from Morro Bay, California, to
Skagit Bay, Washington, where estuarine physical
conditions are appropriate and water pollution is not a
problem (Table 1). Pacific oysters were once cultured
in San Francisco Bay and Elkhorn Slough, California,
but high poliution levels now make oysters from these
areas unhealthy to consume (Frey 1971). The
Columbia, Rogue, Klamath, and Eel River estuaries do
not have oysters because salinities are not appropriate.

Life Mode

Eggs and early larval stages are pelagic. Late larval
stages are sedentary. Juveniles and adults are
sedentary and benthic/epibenthic (Quayle 1988).

Habitat

Type: Eggs and larvae are estuarine/neritic, occurring
inthe upper warmer waters of the water column (Quayle
1988). Juveniles and adults are found in bays and
estuaries in lower intertidal areas to depths of 7 m
below mean lower low water (Haderlie and Abbott
1980).

Substrate: Firm bottoms appear to be preferred;
however, this species can be found on mud or mud-
sandbottoms. Pacific oysters are usually found attached
to rocks, debris, or other oyster shells (Barrett 1963,
Quayle 1988).

Physical/Chemical Characteristics: The Pacific oyster
is found in mesohaline-euhaline waters (usually 10-
35%.) (Barrett 1963, Berg 1971, Quayle 1988). It
tolerates air temperatures to -4°C during low tides and
water temperatures of 4-36°C (Quayle 1988, Wolotira
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et al. 1989), and spawns at water temperatures of 14-
30°C, but only rarely below 18°C (Haderlie and Abbott
1980). Optimum spawning temperatures are probably
21-23°C (Quayle 1988). Larvae can survive water
temperaturesof 17.5-35.0°C (Berg 1971), and 15°Cfor
a short time (Pauley et al. 1988). Larval setting is best
at temperatures of 25 to 30°C, salinities of 19 t0 27%e.,
andonoystershellsthatwerefirstdippedin anaqueous
extractof oystertissue (Carlson 1881, Nelland Holliday
1988). Adults will continue to feed down to 3°C, but
growth stops when temperatures drop below 10°C
(Barrett 1963, Quayle 1988). Best conditionsfor somatic
growth are 17°C (ranges 15-18°C), salinities >24%.
(ranges 10-35%.), food suspensions of 120 mg/l (ranges
24-550 mg/l), oxygen levels above 70%, suspended
sediments between 0.0 and 8.0 mg/l, and pH levels
above 7.8 (Bernard 1983b, Brown and Hartwick 1988a).
Growth rates correlate primarily with suspended
particulate organic material levels and secondarily with
temperature, but are mediated by salinity (Malouf and
Bresse 1977,Brown 1988, Brown and Hartwick 1988Db).
Paralytic shellfish poisoning can be a problem when
oysters feed on the dinoflagellate Protogonyaulax
acatanella, but they quickly lose their toxicity when the
dinoflagellate bloom is gone. (Haderlie and Abbott
1980, Quayle 1988). Embryos are very sensitive to
zinc and other metals (Boyden et al. 1975).

Migrations and Movements: Planktonic eggs andlarvae
are moved by water currents. Late-stage larvae settle
out of the water column and crawl on the bottom
searching for suitable substrates before finally setting
(Quayle 1988). Juveniles and adults are sedentary
and usually become firmly attached to materials onthe
bottom (Quayle 1988).

Reproduction

Mode: The Pacific oyster is gonochoristic (some
hermaphroditism occurs) and a batch spawner,
broadcasting its gametes and relying on external
fertilization (Berg 1969, Haderlie and Abbott 1980).
This speciesis a protandric hermaphrodite, developing
first as a male and later changing to a female (Quayle
1988). Sex appears to be influenced by environmental
conditions, with some females becoming males when
the food supply is low and males becoming females
when food is abundant (Quayle 1988).

Mating/Spawning: Spawning is initiated by a rise in
water temperatures (usually above 18°C) or by
hormones released from the sperm of other oysters
(Quayle 1988, Wolotira et al. 1989). This species
spawns from June to September (primarily July to
August) during high tide (Quayle 1988). Minimum
threshold spawningtemperatures are notoftenreached
in many Pacific coast estuaries, or if they are, they do

not occur annually. Therefore, spawningis sporadic or
nonexistent in most estuaries (Span 1978, Ricketts et
al. 1985, Quayle 1988). In California and other areas,
Pacific oysters may spawn but the larvae may not
survive (Berg 1971, Haderlie and Abbott 1980, Ricketts
et al. 1985). Areas where successful reproduction
does occur include: Pendrell Sound and the Strait of
Georgiato Tofino Inlet onthe west coast of Vancouver
Island, Dabob Bay in Hood Canal, Washington, and
occasionallyin WillapaBay, Washington (Quayle 1988,
Wolotira et al. 1989). Eggs are not released into the
exhalant siphonlike many otherbivalves, butdischarged
into the suprabranchial chambers, passed through the
gills into the mantle chamber, and then expelled by
contraction of the adductor mussel. Eggs may travel
30 cm or more when discharged. Females release
eggs 5-10 times/minute, while the males release a
continuous stream of sperm through their exhalant
siphons (Quayle 1988).

Fecundity: Fecundity ranges from 10 million to 200
million eggs per female, with fecundity increasing with
age (Frey 1971, Wolotira et al. 1989). The average
market-sized oyster produces 50-100 million eggs/
year (Quayle 1988). Individuals may spawnrepeatedly
during a spawning season (Haderlie and Abbott 1980,
Quayle 1988).

Growth and Development

Devel nt: Eggs are
spherical and 0.05 mm in diameter (Quayle 1988).
Embryonic development is indirect and external.

Age and Size of Larvae: Fertilized eggs develop into

veligerlarvae in 24-48 hours depending ontemperature
(Cahn 1950, Quayle 1988). Larvae are free-swimming
for2-4weeks depending ontemperature (Haderlie and
Abbott 1980, Strathmann et al. 1987). Then they settle
on to substrates and metamorphose into spat (Quayle
1988). Larvae range in size from 0.06 to 0.32 mm
(Wolotira et al. 1989); they are 0.27-0.31 mm long at
settlement (Strathmann et al. 1987). They will grow
from 0.075 mmto about 0.3 mm in about a month at 18
to 24°C (Quayle 1988).

Juvenile Size Range: Juvenile sizes range from about
0.30 mm to 40.0.mm. Size depends on tidal height,

area of settlement, and other factors (Quayle 1988).

Age and Size of Adults: The Pacific oyster may mature

in 1 year and may be as small as 30 mm shell length
(Wolotira etal. 1989). Adults growto 10-12 cm (market
size) in2to 3 yearsin California’s waters, but may grow
for 20 years or more (Haderlie and Abbott 1980). In
Oregon and southern Washington, 2-4 years are
required to grow to market size; 4-6 years’ growth is
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required in northern Washington, British Columbia,
and Alaska (Pauley et al. 1988). This species may
grow to 25.4 cmin shell length, but most are 10.2-12.7
cm (Pauley et al. 1988). Shell growth and shape are
highly variable, depending ontemperature, food supply,
culture method, and other factors (Cahn 1950, Quayle
1988).

Food and Feeding

[rophic Mode: Juveniles and adults are detritivores,
nannoplanktivores, and suspension feeders (Haderlie
and Abbott 1980, Quayle 1988). Food is taken in the
inhalant siphon, filtered and collected by mucus on the
gills, sorted on the palps, and transferred to the mouth.

Food ltems: Larvae feed on naked flagellates (Berg
1971). Juveniles and adults eat primarily
nannoplankton, such as bacteria, dinoflagellates,
flagellates, diatoms, and algal and invertebrate gametes
(Barrett 1963, Quayle 1988). They also consume plant
and animal detritus, but the importance of this material
to their diet is unknown (Barrett 1963, Quayle 1988).

Biological Interactions

Predation: Larvae are eaten by numerous predators
including: Tintinnidae and other ciliates, ctenophores,
jellyfish (Aurelia aurita and Chrysaora melanaster),
oysters, barnacles, Pacific herring (Clupea pallasi),
and smelt (Berg 1971). The introduced flatworm
(Pseudostylochus ostreophagus) can be a major
predator of oyster spat (Quayle 1988). Predators of
juveniles and adults include crabs (C. magister, C
productus, and C. gracilis), oyster drills (Ceratostoma
inornatum and Urosalpinx cinerea), starfish (Pisaster
ochraceus, P. brevispinus, Evasterias troschelii, and
Pycnopodia helianthoides), and ducks (Aythya affinis),
and surf and white winged scoters (Mellanita spp.).
Important fish predators of juvenile and adult oysters in
California include the bat ray (Myliobatis californica)
and angel shark (Squatina californica) (Haderlie and
Abbott 1980, Ricketts et al. 1985).

Eactors Influencing Populations: Probably the most
important factor limiting Pacific oyster populations on
the Pacific coast is low water temperatures which
inhibit spawning. In areas where they do spawn,
Pacific oyster larvae often do not survive and set,
exceptinafew warmbays when conditions are optimal.
Mortality of larvae may be due to low temperatures,
excessive turbidity, lack of food, toxins from
dinoflagellate blooms, predation, and bacterial or fungal
diseases (Berg 1971). Juveniles may be killed by
abruptchanges in salinity and temperature. Adults and
juvenile populations are affected by storms and
associated waves that can displace individuals and
bury them in sediments (Cheney and Mumford 1986).

Siltation and increased turbidities of oyster beds
resulting from logging, upland alterations, and natural
causes can result in high mortalities (Pauley et al.
1988, Quayle 1988). Innorthern latitudes, ice can push
them into sediments. In areas of high population
densities, food may be a limiting factor (Pauley et al.
1988). Diseases, algal blooms that inhibit feeding, bay
ghost shrimp (Callianassa californiensis), and blue
mud shrimp (Upogebia pugettensis) can also reduce
population sizes. In the 1960s and 1970s, mass
mortalities of older (>2 years old) Pacific oysters
occurred in Washington and California during late
summer when water temperatures approached or
exceeded 20°C. The cause of this mortality was never
positively identified, but infection by Vibrio spp. and
variability in the oyster’s carbohydrate cycle were
implicated (Beattie et al. 1981, Elston et al. 1987,
Pauley et al. 1988). However, environmental stresses
such as prolonged air exposure times, warm
temperatures, and dinoflagellate blooms may have
promoted mortality of already stressed oysters (Pauley
et al. 1988). Other estuarine species reduce Pacific
oyster growth or indirectly affect oyster viability. Mud
and ghost shrimp cause serious damage to oyster
beds by making grounds too soft for culture or by
smothering them. This has required the controversial
use of the insecticide SEVIN (carbaryl) to reduce
shrimp populations (Washington Department of
Fisheries and Washington Department of Ecology 1985,
Quayle 1988). Other harmful organisms include
protozoa, bacterial diseases, sponges, flatworms,
polychaetes, and a parasitic copepod (Mytilicola
orientalis) (Dungan and Elston 1988, Quayle 1988).
Fouling organisms such as mussels, tunicates, algae,
sponges, anemones, hydroids, and bryozoans may
compete with oysters for food, reduce oyster growth
rates, and affect spat settlement (Quayle 1988). The
Pacific oyster’s chief enemy is man, who by dredging
activities and pollution, reduces areas where viable
oyster productioncan occur (Wallace 1966, Ricketts et
al. 1985). For example, sulfite liquor effluent from pulp
mills in the Pacific Northwest appears to affect survival
and growthof alloyster life stages (Cheney and Mumford
1986). Because of pollution, many bays and estuaries
once used for oystering are now closed or restricted
(Gunn and Saxby 1981, Qualman 1981, Cheney and
Mumford 1986).
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Horseneck gaper ;

Tresus capax
Adult

5cm

Common Name: horseneck gaper

Scientific Name: Tresus capax

Other Common Names: Alaskan gaper, fat gaper,
blue clam, empire clam, gaper, gaper clam, greyneck
clam, horseneck clam, horse clam, bigneck clam, giant
rockdweller, butter clam, money shell, giant saxidome
(Morris 1966, Gates and Frey 1971, Haderlie and
Abbott 1980, Wolotira et al. 1989)

Classification (Bernard 1983a)

Phylum: Mollusca

Class: Bivalvia

Order: Veneroida

Family: Mactridae

Value

Commercial: This species and the Pacific gaper ( Tresus
nuttallii)y are harvested commercially from northern
California to British Columbia (landings are not
separated by species) (Wolotira et al. 1989). ltistaken
both subtidally and intertidally using hydraulic pumps,
mechanical dredges, potato forks, shovels, and clam
rakes (Frey 1971, Wolotira etal. 1989). Recent harvests
have averaged about 225t annually, placing them fifth
in volume for the entire U.S. and Canada Pacific coast
clam harvest (Wolotira et al. 1989). This species is
taken year-round, but most are harvested from July to
December in British Columbia and Oregon (Wolotira et
al. 1989). Althoughthe horseneck gaperis alargeclam
that provides excellent meat for chowder or clam
steaks, it is not often sold fresh. Instead, it is usually
canned because it has a fragile shell that breaks easily
and its valves gape, reducing shelf life and allowing
water loss. Also, a tough outer covering on its neck
increases processing/packaging time and meat yield
during processing is low (25-30% of total body weight)
(Quayleand Bourne 1972, Ricketts et al. 1985, Wolotira

et al. 1989).

Recreational: The horseneck gaper is harvested
recreationally from Humboldt Bay, California, to Puget
Sound, Washington (Machell and DeMartini 1971,
Wolotira et al. 1989). No more than 10/day can be
taken in California (Ricketts et al. 1985),12/day in
Oregon (Oregon Department of Fish and Wildlife 1976),
and 7/day in Washington (Washington Department of
Fisheries 1986). It is harvested primarily by hand
(using shovels, rakes, etc.) during low tides.

Indicator of Environmental Stress: Clam beds are
sometimes closed to harvest because of paralytic
shellfish poisoning or coliform bacterial contamination.
As aresult of pollutionin Washington waters, over 25%
of the potential areas for subtidal hardshell clam
harvesting are closed (Schink et al. 1983).

Ecological: The horseneck gaper is often the largest
subtidal and intertidal suspension/filter feeding bivalve
in many Pacific coast estuaries (Hancock et al. 1979).

Range

Qverall: This species’ overall range is from Monterey,
California, to Kodiak, Alaska and the mouth of Prince
William Sound, Alaska. It is uncommon south of
Humboldt Bay, where it is replaced by T. nuttallii
(Bernard 1983a, Rudy and Rudy 1983, Wolotira et al.
1989).

Within Study Area: The horseneck gaper is found from
Humboldt Bay to Puget Sound, reaching highest
abundances in Coos and Siuslaw Bays, Oregon (Table
1). Itis rare from Humboldt Bay southto San Francisco
Bay, California, andis notfoundin any estuaries further
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horseneck gaper continued

Table 1. Relative abundance of horseneck gaper
in 32 U.S. Pacific coast estuaries.

Life Stage
Estuary ASJLE
Puget Sound |@ Q@ [Q|C| Relative abundance:
Hood Canal |@ 1@ |@|@|@| @  Highly abundant
Skagit Bay |@ ol@olo ®  Abundant
Grays Harbor |O1010 100 ? g::zmon
WillapaBay |O Q|0 |O|O| Blank Not present
Columbia River
Nehalem Bay | V v
TilamookBay @ |@ |@|@|@| Life stage:
Notarts Bay |@ 1@ |®|@|@ A - Adults
" s S - Spawning adults
Siletz River |- i foip i J - Juveniles
i (oo /080] Li
Alsea River QOO0 O
Siuslaw River |@ | @ | @ | @ @
UmpquaRiver |V | ¥ | V| V|«
coosBy @@ (@0 [@
Rogue River

Klamath River |5:f
Humboldt Bay ]
EelRiver | | | | | |

Tomales Bay

Cent. San Fran. Bay * * Includes Central San
Francisco, Suisun,

and San Pablo bays.

South San Fran. Bay
Elkhorn Slough
Morro Bay

Santa Monica Bay

San Pedro Bay

Alamitos Bay

Anaheim Bay

Newport Bay

Mission Bay

San Diego Bay

Tijuana Estuary

ASJLE

south than San Francisco Bay. It is not found in many
small estuaries or estuaries with relatively high river
flows (e.g., Oregon's Columbia, Siletz, and Rogue
Rivers, and California's Klamath and Eel Rivers).

Life Mode

Eggs and larvae are pelagic. Juveniles and adults are
benthic infauna, burrowinginto sediments todepths <1
m, but usually 25-50 cm (Cheney and Mumford 1986,
Wolotira et al. 1989).

Habitat

Type: Eggs andlarvae are neritic. Juveniles and adults
are found primarily in bays and estuaries, occurring
from mid-tide levels (+2 m) down to 30 m below mean
lowerlowwater (MLLW). In Puget Sound and Humboldt
Bay, they are most abundant at depths 1-5 m below

MLLW (Wendell et al. 1976, Goodwin and Shaul 1978,
Cheney and Mumford 1986).

Substrate: The horseneck gaper is found primarily in
substrates consisting of shell fragments and dense
sand, as well as silty-sand and gravel (Bourne and
Smith 1972b, Wendell et al. 1976, Cheney and Mumford
1986). InHumboldt Bay, clamdensities are greatestin
silty-sand substrates covered with eelgrass (Zostera
spp.) (Wendell 1973). Sediment structure affects
burrowing depth; clams burrow deeper in mud and
sand substratesthanin clay substrates (Oceanographic
Institute of Washington 1981).

Physical/Chemical Characteristics: Juveniles and adults
are foundinpolyhaline-euhaline waters, attemperatures
of 2-20°C (Bernard 1983a). Larvae do not survive at
20°C (Bourne and Smith 1972a). Optimum conditions
forsomatic growth are 13°C watertemperatures (range
11-18°C), 28%. salinities (range 26-31%.), and food
suspension density of 95 mg/l (range 15-200 mg/l)
(Bernard 1983b).

Migrations and Movements: Eggs and larvae are
dispersed by currents. Juveniles and adults do not
move laterally once they become established. Clams
older than two years (77 mm shell length) lose the
ability to reburrow (Wendell et al. 1976).

Reproduction

Mode: The horseneck gaper is gonochoristic, oviparous,
anditeroparous. Itis abroadcast spawner, hence eggs
are fertilized externally (Bourne and Smith 1972b).

Mating/Spawning: Spawning begins when waters warm
afterthe seasonal minimum (Bourne and Smith 1972b,
Cheney and Mumford 1986), usually late winterto early
spring. In British Columbia and Puget Sound, spawning
occurs from February-May, peaking primarily in March
(Bourne and Smith 1972b). In California and Oregon,
spawning occurs from January-March, peaking in
February (Machell 1968, Machell and DeMartini 1971,
Breed-Willeke and Hancock 1980, Robinson and
Breese 1982). The horseneck gaper may spawn more
than once during the spawning season (Bourne and
Smith 1972b)

Eecundity: Unknown.

Growth and Development

Egg Size and Embryonic Development: Eggs are
spherical and 0.06-0.07 mm in diameter (Bourne and
Smith 1972a). Embryonic development is indirect and
external; after fertilization, polar bodies form within 40
minutes, trochophores formwithin24 hours, and veligers
by 48 hours.
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Age and Size of Larvae: Larvae range from 0.06-0.07
mm to 0.26-0.27 mm in diameter (Bourne and Smith
1972a). Metamorphosis to spattakes 24 days at 15°C,
26days at 10°C, and 34 days at 5°C (Bourne and Smith
1972a). Larval settlement occurs primarily between
early spring and summer.

Juvenile Size Range: Juveniles range in size from
0.26-0.28 mmto about 70 mm shelllength (Bourne and
Smith 1972a, 1972b). They may grow to 2.54 cm after
1 winter (Quayle and Bourne 1972). Most growth
occurs during the spring and summer when
phytoplanktonis abundant (Wendell etal. 1976, Haderlie
and Abbott 1980).

Age and Size of Adults: Size appears to determine
maturity; most horseneck gapers mature at about 70
mm shell length (SL) (Bourne and Smith 1972b). In
British Columbia, this takes four years, but only three
years in California and Oregon (Bourne and Smith
1972b, Wendell et al. 1976, Hancock et al. 1979). In
Oregon, subtidal clams between the ages of four and
sevenyears grow fasterthan intertidal clams of similar
ages (Hancock et al. 1979). The horseneck gaper can
liveto 16 years and canreach 254 mm SL (Morris 1966,
Bourne and Smith 1972b). The oldest clams found in
Oregon were 10-12 years old (Hancock et al. 1979).

Food and Feeding

Trophic Mode: Juveniles and adults are suspension/
filterfeeders (Haderlie and Abbott 1980). Food particles
travel in water through the inhalant siphon and are
collected on the gills, sorted by the palps, and passed
tothe mouth. Energy reserves are stored as glycogen
in the gonads and as fat (Reid 1969).

Food Items: Juveniles and adults feed on suspended
diatoms, flagellates, dinoflagellates, and fine detritus,
including small eelgrass (Z. marina) particles (Stout
1967, Haderlie and Abbott 1980). '

Biological Interactions

Predation: Eggs and larvae are probably preyed on by
many planktivorous organisms. Predators of juveniles
include: worms, snails, crustaceans, and copper rockfish
(Sebastes caurinus) (Wolotira et al. 1989). Common
predators of juveniles and adults include moon snails
(Polinices spp.), Dungeness crab (Cancer magister),
batray (Myliobatis californica), and sea stars (Pisaster
spp.) (Haderlie and Abbott 1980).

Factors Influencing Populations: Predation can cause
very high mortalities on some clam beds (Haderlie and

Abbott 1980). High mortality of small juveniles is
probably due to low salinities, temperature stress and
predation (Wendell et al. 1976). As they grow,

horseneck gapers burrow deeper, escaping many
physical and biological stresses. Recruitment may be
highly variable on some clam beds, resulting in beds
dominated by only one or two age classes (Wendell et
al. 1976, T. Gaumer, Oregon Department of Fisheries,
Newport, OR, pers. comm.). In general, intertidal
populations of this species are affected by numerous
alterations and disturbances, including: siltation, storms,
freshwater runoff, floods, erosion, dredging, and marina
development (Schink et al. 1983). Diseases may also
affect horseneck gaper populations (Wendell 1973,
Armstrong and Armstrong 1974); it is often infected
with a haplosporidan parasite (43% in Yaquina Bay,
Oregon) (Armstrong and Armstrong 1974). Two species
of pinnotherid crabs (Pinnixa faba and P. littoralis) are
knownto inhabitthe mantle cavity of horseneck gapers
(Pearce 1965, Stout 1967), but apparently cause little
harm to the clam (Haderlie and Abbott 1980).
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Pacific gaper

Tresus nuttallii
Adult

5cm

Common Name: Pacific gaper

Scientific Name: Tresus nuttallii

Other Common Names: Washington clam, big-neck
clam, blue clam, empire clam, gaper clam, great
horseneck clam, otter-shell clam, rubberneck clam,
summer clam (Wolotira et al. 1989)

Classification (Bernard 1983)

Phylum: Mollusca

Class: Bivalvia

Order: Veneroida

Family: Mactridae

Value

Commercial: The Pacific gaper is harvested with the
similar horseneck clam, Tresus capax. Landings are
not identified to species, but instead reported together
as“horseclams”. From1981-1983, horse clamlandings
from the U.S. and Canadian Pacific coast averaged
about 225 t annually, and ranked fifth in volume of all
clams harvested (Wolotira et al. 1989). Much of the
commercial harvest in British Columbia has been by
geoduck (Panopea abrupta) divers after they have
reached their geoduck quota (Wolotira et al. 1989).
The Pacific gaper is relatively large and has many
biological characteristics which discourage
commercialization. It burrows deepinto soft sediments,
making hand harvest difficult. The shells are relatively
fragile and tend to break; once harvested, the shells
gape, causing water loss and reducing shelf life. Meat
yield per clam is relatively low, usually <30%, and the
large siphon (often 60% of its shucked weight) has a
tough, leathery skinthat requires extra effort toremove
(Quayleand Bourne 1972, Ricketts et al. 1985, Wolotira
et al. 1989). This species is harvested both subtidally
and intertidally using hydraulic pumps, mechanical
dredges, potato forks, shovels, and clam rakes (Frey

1971, Wolotira et al. 1989). It is taken year-round, but
most are harvested from July to December in British
Columbia (Wolotira et al. 1989).

Recreational: The Pacific gaper is an important
recreational species in Puget Sound, Washington, and
in California estuaries, including Humboldt Bay,
Tomales Bay, Bodega Bay, Drakes Estero, Bolinas
Lagoon, Elkhorn Slough, and Morro Bay. It is rarely
found in the estuaries of coastal Washington and
Oregon except for Netarts Bay, Oregon, where >50%
of the gapers are T. nuttalli (T. Gaumer, Oregon
Department of Fish and Wildllife, Newport, OR, pers.
comm.). |t is particularly abundant in Tomales Bay
where up to 35,000 have been taken annually at one
location (Frey 1971). This species is dug at low tide by
hand or with hand tools (Frey 1971). It is one of the
most common bay clams along the California coast.
Not more than ten Pacific gapers per person per day
can be taken in most areas of California (Schultze
1986). This species is often made into chowder (Frey
1971).

Indicator of Environmental Stress: Clam beds are
sometimes closed to harvest because of paralytic
shellfishpoisoning. Otherbeds are permanently closed
to harvesting because of contamination by coliform
bacteria. As aresult of pollution in Washington waters,
over 25% of the potential areas for subtidal clam
harvesting are closed (Schink et al. 1983). In California,
clams in estuaries such as San Francisco Bay are not
commonly harvested because of pollution. Embryos
are good bioassay organisms (Woelke et al. 1971).

Ecological: This species is a large, subtidal and lower
intertidal suspension/filter feeding bivalve and is
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Pacific gaper continued

Table 1. Relative abundance of Pacific gaper
in 32 U.S. Pacific coast estuaries.
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importantin Puget Sound and many California estuaries,
bays, and lagoons (Frey 1971). Pea crabs (Pinnixa
faba and occasionally P. littoralis) can be found in the
Pacific gaper's mantle cavity (Ricketts et al. 1985). The
hard, leathery tips are often covered with many different
species of plants and animals (Haderlie and Abbott
1980). The Pacific gaper appears to harbor pea crabs
only in the southern part of its range (Pearce 1965).
This species is an intermediate host for the tapeworm,
Echeneibothrium sp., whose definitive host is the bat
ray (Myliobatis californica) (Haderlie and Abbott 1980).

Range

Qverall: The Pacific gaper is atemperate, amphi-North
Pacific species (Bernard 1983, Wolotira et al. 1989). In
North America, it is found from Scammons Lagoon,
Baja California, to British Columbia (Fitch 1953).

Within Study Area: The Pacific gaper is found in Pacific
coast estuaries from Puget Sound, Washington, to
Tomales Bay (Table 1). However, it is rarely found in
the coastal estuaries of Washington and Oregon (except
Netarts Bay), and is not common in most bays and
lagoons south of Pt. Conception, California.

Life Mode

Eggs and larvae are pelagic. Juveniles and adults are
benthic infauna; adults may burrow to depths of 1 m
(usually found 25-50 cm deep) (Cheney and Mumford
1986, Wolotira et al. 1989).

Habitat

Type: Eggs andlarvae are neritic. Juveniles and adults
are found primarily in bays and estuaries, but may also
occur in protected coastal waters (Frey 1971, Wolotira
etal. 1989). Juveniles and adults occur fromthe lower
intertidal zone to 30 m below mean lower low water
(MLLW). InPuget Sound, they are most abundant from
1-5 mbelow MLLW (Goodwin and Shaul 1978, Cheney
and Mumford 1986).

Substrate: The Pacific gaper is most abundant in
sediments consisting of fine sand or firm sandy mud.
But, itis also foundin relatively firm sediments consisting
of sand, silty-sand, sandy-clay, and gravel (Swan and
Finucane 1951, Bourne and Smith 1972, Cheney and
Mumford 1986, Wolctira etal. 1989). Sediment structure
affects burrowing depth; clams burrow deeper in mud
and sand substrates than clay substrates
(Oceanographic Institute of Washington 1981).

Physical/Chemical Char ristics: It occurs in
polyhaline-euhaline waters, and temperatures of 1-
21°C (Bernard 1983). Freezing temperatures on mud
flats may limit this species’ northerndistribution (Pearce
1965).

Migrations and Movements: Eggs and larvae are

dispersed by currents. Juveniles and adults do not
move laterally once they become established. Small
Pacific gapers have the ability to reburrow after being
disturbed, but like T. capax, older, larger clams (>60
mm shell length) lose the ability to reburrow (Pholo
1964, Wendell et al. 1976). However, since most larger
clams live deep withinthe sediment (upto 1 m)they are
protected from most natural disturbances. Peak
settlement for spat occurs in May in central California
and probably July in Puget Sound (Woelke et al. 1971,
Clark et al. 1975).

Reproduction

Mode: The Pacific gaper is gonochoristic, oviparous,
and iteroparous. It is a broadcast spawner; eggs are
fertilized externally (Quayle and Bourne 1972).
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Pacific gaper continued

Mating/Spawning: Spawning occurs year-round,
depending ongeographical location. Spawningoccurs
during summer in northern regions such as British
Columbia and Puget Sound (Quayle and Bourne 1972,
Cheney and Mumford 1986). Spawning occurs from
spring to fall for much of California (Frey 1971), and
year-round in central California, with a peak from
February to Aprilwhentemperatures are lowest (Laurent
1971, Clark et al. 1975, Haderlie and Abbott 1980,
Ricketts et al. 1985). The wide daily watertemperature
fluctuations in central California may explain the
occurrence of year-round spawning (Clark etal. 1975).

Fecundity: Unknown.

Growth and Development

Egg Size and Embryonic Development: Egg size is
unknown, however, embryonic developmentisindirect
and external (Wolotira et al. 1989).

Age and Size of Larvae:Larvae are probably 0.06-0.28
mm in diameter (Bourne and Smith 1972). In Elkhorn
Slough, California, the duration of the larval stage is
estimated to be 21-30 days (Clark et al. 1975). Spat
require ten days to grow to 2 mm, and 25 days to grow
to 5 mm (Clark et al. 1975).

Juvenile Size Range: Juveniles are 0.26 mm to 51.0-

71.0 mm in diameter; small clams (4 mm) grow 0.25
mmv/day (Frey 1971, Bourne and Smith 1972, Haderlie
and Abbott 1980). One-year-old clams average 50 mm
in shell length (Clark et al. 1975, Haderlie and Abbott
1980).

Age and Size of Adults: This species matures in about

two years and between 51.0-70.0 mm shell length
(Frey 1971, Clark et al. 1975, Haderlie and Abbott
1980). The Pacific gaper may live to 17 years, with a
shell length as great as 200 mm (Frey 1971, Wolotira
et al. 1989).

Food and Feeding

TrophicMode: This speciesis a suspension/filterfeeder.
Food particles are transported via the inhalant siphon
and are filtered fromthe water by the gills, sorted by the
palps, and passed to the mouth.

Food ltems: Food items include suspended diatoms,
flagellates, dinoflagellates, and detritus. Detritus may
include particles of eelgrass (Zostera marina) (Stout
1967, Haderlie and Abbott 1980).

Biological Interactions

Predation: Predators include those that prey on T.
capax, especiallyworms, snails, crustaceans, fish, and
mammals. Common predators include moon snails

(Polinices spp.), Dungeness crab (Cancer magister),
bat ray (Myliobatus californica), leopard shark ( Triakis
semifasciata), starry flounder (Platichthys stellatus),
sea stars (Pisaster spp.), and sea otters (Enhydra
lutris) (Talent 1976, Haderlie and Abbott 1980, Kvitek
et al. 1988). Many planktivorous organisms prey on
Pacific gaper eggs and larvae.

Eactors Influencing Populations: Sea otters prefer to

feed in areas where Pacific gaper densities are high
and composed of small individuals unable to burrow
deeply because of sediment characteristics (Kvitek et
al. 1988); large Pacific gapers in soft sediments are
resistant to sea otter predation. The Pacific gaper may
compete with T. capax, however T. capax is more
common in gravel-shell soils whereas T. nuttallii is
more common in pure sand substrates (Swan and
Finucane 1951, Quayle and Bourne 1972, Wolotira et
al. 1989). The Pacific gaper also burrows deeperthan
T. capaxandthus avoids temporary freezing conditions
(Quayle and Bourne 1972, Haderlie and Abbott 1980).
No information is available concerning mortality rates,
but very high mortality rates probably occur during
larval and early juvenile stages, becoming lower as
clams mature (Wolotira et al. 1989). Annual juvenile
recruitment varies widely and probably has a major
effect on the population structure (Clark et al. 1975).
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California jackknife clam -. .

Tagelus californianus
Adult

5cm

Common Name: California jackknife clam

Scientific Name: Tagelus californianus

Other Common Names: California short razor, short
razor clam, jackknife clam, razor clam (Gates and Frey
1974)

Classification (Bernard 1983)

Phylum: Mollusca

Class: Bivalvia

Order: Veneroida

Family: Psammobiidae

Value

Commercial: This species is commercially dug for use
as fish bait (Fitch 1953). Harvest began in 1962 and
duringthe mid-1970s harvests averaged about 6 t/year
(Wolotira et al. 1989).

Recreational: Although edible, it is most often used as
fish bait (Fitch 1953, Meinkoth 1981).

Indicator of Environmental Stress: High temperatures
(e.g., thermal effluent frompower plants) can adversely
affect populations (Merino 1981).

Ecological: The California jackknife clamis a numerically
important bivalve species in southern California bays
and lagoons.

Range

Qverall: This species’ overall range is from Cape San
Lucas, Baja California to Cape Blanco, Oregon (Fitch
1953, Meinkoth 1981, Wolotira et al. 1989). Itsrecorded
presence off Panamais probably not accurate (Wolotira
et al. 1989).

Within Study Area: It is common to abundant from

Tijuana estuary to Morro Bay, California; it is not
common north of Monterey Bay, California (Table 1)
(Fitch 1953, Haderlie and Abbott 1980, Seapy 1981).

Life Mode

Eggs and larvae are planktonic. Juveniles and adults
are benthic infauna of bays, estuaries, or lagoons.
Juveniles and adults live in a permanent, nonmucous-
lined, vertical burrow 10-50 cm deep in which they can
readily move up and down (Fitch 1953, Meinkoth
1981).

Habitat

Type: Eggs and larvae are estuarine-neritic. Adults
and juveniles are common near mean low tide where
sediments are appropriate (Seapy and Kitting 1978,
Merino 1981). Adults and juveniles inhabit sand, mud,
or muddy sand flats near the low tide level in bays,
sloughs, and estuaries (Fitch 1953, Smith and Carlton
1975, Meinkoth 1981). This species reportedly occurs
from +0.2 to -0.5 m mean tide level (Wolotira et al.
1989), but does not occur above mean sealevelin San
Diego Bay (Merino 1981). The bays and lagoons this
species inhabits are euhaline on an annual basis. In
low intertidal substrates, it is commonly associated
withthe rosy jackknife (Solen rosaceus) (Merino 1981).

Substrate: The California jackknife clam prefers
sediments having some silts and clays (2-15%), and
cannot burrow into sediments that are composed
primarily of sand (Merino 1981).

hemi ristics: This species is
found in mesohaline-euhaline waters where water
temperatures range from 9 to 30°C (Bernard 1983).
Temperatures 235°C cause adult mortality. In San
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California jackknife clam continued

Table 1. Relative abundance of California
jackknife clam in 32 U.S. Pacific coast

estuaries.
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Diego Bay, the clam’s upper lethal tolerance limit
(LT50) was 35.5°C in December and 37.6°C in May
(Merino 1981). Smaller sizes (23-46 mm) are more
resistant to elevated temperatures (Merino 1981).

Migrations and Movements: Eggs and larvae are
dispersed by currents. Juveniles and adults migrate up
and down in their burrow as the tide rises and falls
(Meinkoth 1981) and will rapidly descend intheir burrows
when disturbed.

Reproduction

Mode: This species is gonochoristic, oviparous, and
iteroparous. It is a broadcast spawner; eggs are
fertilized externally.

Mating/Spawning: The exact spawning time for this

species is unknown, however, spawning occurs
intertidally during high tide. Eggs and sperm are
released through the exhalant siphon. Based on the
settlement of young, a peak spawning probably occurs
in early spring (May-June recruitment), with some
spawning occurring year-round (Merino 1981).

Eecundity: Unknown.

Growth and Development

Egg Size and Embryonic Development: Unknown, but
embryonic development is probably indirect and
external.

Age and Size of Larvae: Unknown.
Juvenile Size Range: The stout tagelus (Tagelus

plebius) is a congener, and has spat that settle out of
the water column at 155-175 pum in shell length (SL)
(Merino 1981). Clams average about46 mm SL at2.5
years (Merino 1981).

Age and Size of Adults: The California jackknife reaches
maturity between 60 and 120 mm SL (Merino 1981).

Age and growth ofthis species has notbeen determined,
but it appears to reach reproductive size in 2-3 years
(Merino 1981). Ultimate age isunknown. Clamsin San
Diego Bay average 72mm SL and appeartobe 5 years
old (Merino 1981).

Food and Feeding

Trophic Mode: This species is a suspension feeder,
although originally it was thought to be a deposit feeder
(Pohlo 1966, Haderlie and Abbott 1980). Whenfeeding,
itis located about 10 cm below the substratum surface
and extends its two siphons into the water through
separate openings (Haderlie and Abbott 1980). The
siphon openings lay at the sediment-water interface.

Food ltems: The California jackknife clam feeds on
phytoplankton, probably including diatoms,
dinoflagellates, and other types of phytoplankton. lts
diet may include suspended detrital particles and their
associated epifauna (Wolotira et al. 1989).

Biological Interactions

Predation: Larvae probably are eaten by planktivorous
fishes and invertebrates. Newly-settled individuals
and juveniles are eaten by numerous fishes, including
diamond turbot (Hypsopsetta guttulata) (Lane 1975),
stingrays (Dasyatis spp.), and other rays. Birds such
as stilts (Himantopus spp.), godwits (Limosa spp.),
curlews ( Numenius spp.), and dowitchers
(Limnodromus spp.), also prey on the California
jackknife clam (Merino 1981).
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Factors Influencing Populations: Population densities
are influenced by tidal elevation, water temperature,
sediment characteristics, recruitment, and mortality.
There are noindications that populations are controlled
by density-dependent interactions (Merino 1981).
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Pacific littleneck clam '

Protothaca staminea
Adult

2cm

Common Name: Pacific littleneck clam

Scientific Name: Protfothaca staminea

Other Common Names: Tomales Bay cockle,common
littleneck, littleneck clam, ribbed carpet shell, common
Pacific littleneck, native littleneck, rock cockle, hardshell,
rock clam, steamer, butter clam (Fitch 1953, Gates and
Frey 1974, Hancock et al. 1979)

Classification (Bernard 1983a)

Phylum: Mollusca

Class: Bivalvia

Order: Veneroida

Family: Veneridae

Value

Commercigl: The Pacific littleneck clam is usually sold
freshinthe shell (Wolotira et al. 1989), but itis also sold
frozen and canned (Paul and Feder 1976). It is
harvested using rakes, shovels, and by mechanical
and hydraulic devices (Frey 1971, Schink et al. 1983,
Cheney and Mumford 1986). Harvested from Prince
William Sound, Alaska to southern California, this
species constitutes about 8% ofthe entire clam harvest
along the Pacific coast ofthe United States and Canada
(Wolotira et al. 1989). Most of this harvest comes from
Washington and British Columbia. Most Pacific coast
waters are open year-round, but California waters are
closedtolittleneck harvest from Aprilto August in Marin
County and from May to August for much of northern
California (Schultze 1986). Because California
commercial clammers are allowed only 50 clams/day
over 3.8 cmdiameter, the Californiacommercial harvest
is limited. New aquaculture programs may increase
the production and harvest of this species.

Recreational: The Pacific littleneck clam is highly
esteemed for its good taste and ease of capture (Fitch

1953). In California, up to 50 clams/day over 3.8 cmin
diameter are allowed (California Department of Fish
and Game 1987), while Oregon limits recreational
harvest to only 36/day. The Washington limit varies
depending onthe area (60/day or 10 Ib, 40/day or 7 Ib,
5 Ib/day) (Washington Department of Fisheries 1986).
Clam diggers usually harvest this species at low tide
during daylight using rakes, trowels, and shovels (Frey
1971).

Indicator of Environmental Stress: Habitat alterations
(water pollution, marina construction, loss of habitat,
etc.) directly affect the abundance of this species.
Paralytic shellfish poisoning often closes clam beds to
harvest for temporary periods and contamination by
coliform bacteria has permanently closed many areas
(Cheney and Mumford 1986). Commercial landings
from the U.S. Pacific Northwest (excluding Alaska)
have decreased in recent years, while effort has
increased (Chew and Ma 1987). This species is highly
sensitive to copper and tri-n-butyltin (a paint additive)
(Roesijadi 1980). Crude oil reduces this species’
growth rate, but does not appear to be highly toxic.
However, the addition of oil dispersants can alter clam
behavior deleteriously (Chew and Ma 1987).

Ecological: This species is common to highly abundant
in many Pacific coast estuaries (Table 1). It is an
important suspension feeder along protected gravel-
mud beaches (Wolotira et al. 1989) and the most
important lower intertidal clam in Puget Sound (Kozloff
1983).

Range
Qverall: This species may be distributed from Socorro
Island, Mexico, around the North Pacific rim to the
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Pacific littleneck clam continued

Table 1. Relative abundance of Pacific littleneck
clamin 32 U.S. Pacific coast estuaries.
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northern Sea of Japan (Wolotira et al. 1989). However,
most authors show it distributed from Cape San Lucas,
Baja California, to the Aleutian Islands, Alaska (Fitch
1953, Schink et al. 1983, Cheney and Mumford 1986).

Within Study Area: It is found in most Pacific coast
estuaries where appropriate substrates and salinities
exist. ltis not found in the Columbia, Siletz, Umpqua,
and Rogue River estuaries of Oregon, or the Klamath,
and Eel River estuaries in California (Table 1) (Monaco
et al. 1990).

Life Mode

Eggs andlarvae are pelagic, while very smallclams are
epifaunal (Paul and Feder 1973). Juveniles and adults
are benthic infauna and found in the upper 15-20 cm of
sediments (rarely deeper than 5-7 cm). Larger

individuals are often found deeper than smaller ones
(Fitch 1953, Quayle and Bourne 1972, Paul and Feder
1973, Abbott 1974, Meinkoth 1981, Wolotira et al.
1989).

Habitat

Type: Eggs and larvae are estuarine-neritic. Adults
andjuveniles are foundin coarse, sandy-rocky muds of
bays, sloughs, and estuaries, and on the open coast
where there is appropriate substrate and protection
(Fitch 1953). It is often associated with butter clams
(Saxidomus giganteus) (Paul and Feder 1976). The
Pacific littleneck clamis found intertidally downto 37 m
(usually <10 m), but normally from -1.0to 1.3 m mean
lower low water (MLLW) (Chew and Ma 1987). ltis
most abundant from the lower intertidal zone to 0.4 m
above MLLW (Goodwin and Shaul 1978, Bernard
1983a, Wolotira et al. 1989).

Substrate: The Pacific littleneck clam prefers firm,
gravelorclay-gravel sediments, butoccurs in sediments
ranging from mud to cobble (Quayle and Bourne 1972,
Goodwin and Shaul 1978). Along the open coast it is
found in coarse sand, gravel, and cobble near rock
points and reefs or under large rocks (Fitch 1953).

hysi hemical Char ristics: It is found in
mesohaline to euhaline waters and temperatures of
just below freezing to 25°C (Glude 1978, Bernard
1983a). Watertemperatures above 25°C are lethal to
larvae, and they can withstand 20°C only when salinity
is near 32%. (Strathmann et al. 1987). This species
may tolerate salinities as low as 20%. for extended
periods (Quayle and Bourne 1972); however, it closes
its shell at very low salinities. Optimum conditions for
growthappearto be 12-18°C, 24-31%. salinity, and 15-
150 mg/l suspended food particles (Bernard 1983b).
Also, areas near strong tidal currents may enhance
growth (Chew and Ma 1987). Burial by decomposing
bark has been shown to reduce survival (likely due to
elevated levels of hydrogen sulfide and ammonia along
withdecreases in dissolved oxygen) (Freese and O'Clair
1987). High turbidities (>2 g/l) may reduce larval
survival (Glude 1978).

Migration and Movements: Eggs and larvae are pelagic
and dispersed by water currents. Veliger larvae move
tothe bottom after developing a foot. Herethey search
for an appropriate surface on which to settle, then
undergo metamorphosis, and attachthemselvestothe
sediment surface by secreting byssal threads (Chew
and Ma 1987). Very young clams probably first attach
in deeper waters and then move to shallow waters as
they grow (Chew and Ma 1987). Adults are sedentary
andremaininthe same area for life, buta smalljuvenile
clam can use its foot to crawl to new areas (Shaw
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Pacific littleneck clam continued

1986). Adults and juveniles can reburrow if they have
been disturbed (Quayle and Bourne 1972).

Reproduction

Mode: The Pacific littleneck clam is gonochoristic
(although some hermaphroditism occurs), oviparous,
iteroparous, and a broadcast spawner; eggs are
fertilized externally (Fraser and Smith 1928, Frey 1971).
Females may spawn several times during a season
(Quayle and Bourne 1972).

Mating/Spawning: Spawning occurs during spring and
summer depending onthe region: fromMarch to August
and sometimes later in Oregon estuaries (Robinson
and Breese 1982); April to September in British
Columbia; late spring to summer (April-July) in Puget
Sound; late May to mid-June in Prince William Sound,
Alaska (Fraser and Smith 1928, Haderlie and Abbott
1980, Cheney and Mumford 1986, Strathmann et al.
1987, Wolotira et al. 1989). It spawns at temperatures
of 5.6-13.6°C in Prince William Sound (Wolotira et al.
1989), and begins spawning in south-central Alaska
when water temperatures are about 8°C (Chew and
Ma 1987). Dense algal suspensions may stimulate
spawning (Robinson and Breese 1982). Optimum
temperatures for rearing are 15-20°C (Strathmann et
al. 1987).

Fecundity: Unknown.

Growth and Development

Egg Size and Embryonic Development: Eggs are
spherical and 0.06 mm in diameter (Wolotira et al.
1989). Embryonicdevelopmentisindirectand external.
Fertilized eggs hatch to become free-swimming
trochophore larvae in 10-12 hours; these transform
into veligerlarvae approximately 24 hours later (Quayle
and Bourne 1972, Schink et al. 1983, Chew and Ma
1987).

Age and Size of Larvae: Larvae range from 0.06-0.25
mm long (Quayle and Bourne 1972, Wolotira et al.
1989). The larval period lasts about three weeks, but
may be longer depending on water temperatures
(Quayle andBourne 1972, Cheney and Mumford 1986).

Juvenile Size Range: At settlement, juveniles are 0.26-
0.28 mm in shell length (SL) (Quayle and Bourne

1972) and grow to 15-35 mm SL before maturity.
Growth varies depending on the region. In Prince
William Sound, clams are 2 mm SL at the end of the first
growing season (Paul and Feder 1973).

Age and Size of Adults: This speciesis usually sexually
mature after 1.5 years (and at 15-35 mm SL), but this

depends upon location (Paul and Feder 1976, Ricketts

et al.. 1985, Cheney and Mumford 1986). British
Columbia and Alaska clams are often not mature until
their second or third year (Fraser and Smith 1928,
Quayle 1943, Nickerson 1977). This species may live
13-16 years (Fraser and Smith 1928, Abbott 1974,
Chew and Ma 1987). In California, many die before
reaching sexual maturity and rarely do they reach 7
years old (Schmidt and Warme 1969). Maximum size
is about 8 cm SL (Quayle and Bourne 1972,
Oceanographic Institute of Washington 1981). Growth
rates vary widely, depending on substrate, clam
densities, tidal level, and geographic location (Chew
and Ma 1987). For example, they may grow to 37 mm
SLin 3.5-4 years in the Strait of Georgia (Cheney and
Mumford 1986), and take 6-8 years to reach 32 mm SL
in Alaska (Paul and Feder 1973, 1976, Ricketts et al.
1985).

Food and Feeding

Trophic Mode: The Pacific littleneck clam is a
nonselective suspension/filter feeder. It gathers food
by sucking in water and food particles through the
inhalant siphon. Particles are then filtered through the
gills (ctenidia), and sorted by the palps before being
brought to the mouth (Wolotira et al. 1989).

Food ltems: Larvae, juveniles, and adults feed on
phytoplankton, benthic diatoms, and detritus. The role
of detritus in its diet is not well understood, but thought
to be important (Peterson 1982, Chew and Ma 1987,
Wolotira et al. 1989).

Biological Interactions

Predation: Important predators of the Pacific littleneck
clam include: oyster drills (Ceratostoma spp. and
Urosalpinx spp.), moon snails (Polinices spp.), and
othergastropods, seastars (Pycnopodia helianthoides,
Evasterias troschelli, and Pisaster brevispinis), two-
spotted octopus (Octopus bimaculatus), rock crabs
(Cancerspp.), andfishes (Chew and Ma 1987, Wolotira
et al. 1989). Rock crabs have the ability to identify
foraging areas with high littleneck clam densities
(BouldingandHay 1984). In Californialagoons, siphons
are nipped off by Pacific staghorn sculpin (Leptocottus
armatus), diamond turbot (Hypsopsetta guttulata), and
California halibut ( Paralichthys californicus) (Peterson
and Quammen 1982). Sea otters (Enhydra lutris) are
majorpredatorsin Prince William Sound, Alaska (Chew
and Ma 1987), and the Pacific littleneck clam is also
eaten by ducks and other birds (Schink et al. 1983,
Cheney and Mumford 1986).

Factors Influencing Populations: Recruitment (i.e.,

survival of the settling spat) is highly variable and is a
dominant factor determining population size (Paul and
Feder 1973, 1976). Many environmental conditions
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Pacific littleneck clam continued

affect successful settlement, such as temperature,
adequate food supply, predation, currents, beach
topography, and appropriate substrate (Paul and Feder
1973, Peterson 1982). High siltation caused by upland
development and construction of marinas can cause
problems (Schink et al. 1983). Dredging has been
shown to affect subtidal populations. For example,
mechanical clam harvesters may adversely affect
populations by suspending and depositing fine
sediments that can smother clams (Schink et al. 1983).
Similarly, severe weather often affects intertidal
populations by producing high freshwater run-off that
kills clams by covering them with sediment or washing
away sediments and exposing them (Cheney and
Mumford 1986). “Winterkills” caused by low salinities,
low temperatures, and microbial diseases may occurin
northern latitudes (Schink et al. 1983, Cheney and
Mumford 1986).

References

Abbott, R. T. 1974. American seashells: The marine
mollusca of the Atlantic and Pacific coasts of North
America, 2nd edition. VanNostrand Reinhold Co.,NY,
663 p.

Bernard, F. R. 1983a. Catalogue of the living bivalvia
of the eastern Pacific Ocean: Bering Strait to Cape
Horn. Can. Spec. Publ. Fish. Aquat. Sci. No. 61,
102 p.

Bernard, F. R. 1983b. Physiology and the mariculture
of some northeastern Pacific bivalve molluscs. Can.
Spec. Publ. Fish. Aquat. Sci. No. 63, 24 p.

Boulding, E. G., and T.K. Hay. 1984. Crab response
to prey density can resultin density-dependent mortality
of clams. Can. J. Fish. Aquat. Sci. 41:521-525.

California Department of Fish and Game. 1987. 1987
California sport fishing regulations. Calif. Dept. Fish
Game, Sacramento, CA, 12 p.

Cheney, D. P., and T. F. Mumford, Jr. 1986. Shellfish
and seaweed harvests of Puget Sound. Wash. Sea
Grant, Univ. Wash. Press, Seattle, WA, 164 p.

Chew, K. K., and A. P. Ma. 1987. Species profiles: life
histories and environmental requirements of coastal
fishes and invertebrates (Pacific Northwest) —common
littleneck clam. U.S. Fish Wildl. Serv. Biol. Rep.
82(11.78). U.S. Army Corps Eng., TR EL-82-4, 22 p.

Fitch, J. E. 1953. Common marinebivalves of California.
Calif. Fish Game, Fish Bull. 90, 102 p.

Fraser, C. M., and G. M. Smith. 1928. Notes on the
ecology of the littleneck clam, Paphia staminea Conrad.
Trans. Roy. Soc. Can. 3(22):249-269.

Freese, J. L., and C. E. O'Clair. 1987. Reduced
survival and condition of the bivalves Protothaca
staminea and Mytilus edulis buried by decomposing
bark. Mar. Env. Res. 23:49-64.

Frey, H. W. 1971. California living marine resources
and their utilization. Calif. Dept. Fish Game,
Sacramento, CA, 148 p.

Gates, D. E., and H. W. Frey. 1974. Designated
common names of certain marine organisms of
California. Calif. Fish Game, Fish Bull. 161:55-90.

Glude, J. B. 1978. The clams genera Mercenaria,
Saxidomus, Protothaca, Tapes, Mya, Panopea, and
Spisula: A literature review and analysis of the use of
thermal effluent in the culture of clams. Unpubl. Rep.
to Tenn. Valley Authority, J. B. Glude, Seattle, WA,
74 p.

Goodwin, L., and W. Shaul. 1978. Puget Sound
subtidal hardshell clam survey data. Prog. Rep. 44,
Wash. Dept. Fish., Olympia, WA, 92 p.

Haderlie, E. C., and D. P. Abbott. 1980. Bivalvia: The
clams and allies. InR. H. Morris, D. P. Abbott, and E.
C. Haderlie (editors), Intertidal invertebrates of
California, p. 355-411. Stanford Univ. Press, Stanford,
CA.

Hancock, D. R., T. F. Gaumer, G. B. Willeke, G. P.
Robart, and J. Flynn. 1979. Subtidal clam populations:
distribution, abundance, and ecology. Sea Grant Coll.
Prog. Publ. No. ORESU-T-79-002, Oregon State Univ.,
Corvallis, OR, 243 p.

Kozloff, E. N. 1983. Seashore life of the northern
Pacific coast. Univ. Wash. Press, Seattle, WA, 370 p.

Meinkoth, N. A. 1981. The Audubon Society field
guide to North American seashore creatures. Alfred A.
Knopf, New York, NY, 799 p.

Monaco, M. E., R. L. Emmett, S. A. Hinton, and D. M.
Nelson. 1990. Distribution and abundance of fishes
and invertebrates in west coast estuaries, Volume |I:
data summaries. ELMR Rep. No. 4. Strategic
Assessment Branch, NOS/NOAA, Rockville, MD,
240 p.

Nickerson, R. B. 1977. A study of the littleneck clam
(Protothaca staminea Conrad) and the butter clam

41



Pacific littleneck clam continued

(Saxidomus giganteus Deshayes)in a habitat permitting
coexistence, Prince William Sound, Alaska. Proc.
Natl. Shellfish Assoc. 67:85-102.

Oceanographic Institute of Washington. 1981. Clam
and mussel harvesting industries of Washington State.
Oceanog. Comm. Wash., Seattle, WA, various
pagination.

Paul, A.J.,andH. M. Feder. 1973. Growth, recruitment,
and distribution of the littleneck clam, Protothaca
staminea, in Galena Bay, Prince William Sound, Alaska.
Fish. Bull., U.S. 71(3):665-677.

Paul, A. J.,andH. M. Feder. 1976. Clam, mussel, and
oyster resources of Alaska. Sea Grant Rep. 76-6,
Univ. Alaska, Fairbanks, AK, 41 p.

Peterson, C. H. 1982. The importance of predation
andintra- andinterspecific competition inthe population
biology of two infaunal suspension-feeding bivalves,
Protothaca staminea and Chione undatella. Ecol.
Monog. 52(4):437-475.

Peterson, C. H., and M. L. Quammen. 1982. Siphon
nipping: its importance to small fishes anditsimpact on
growth of the bivalve Protothaca staminea (Conrad).
J. Exp. Mar. Biol. Ecol. 63:249-268.

Quayle, D. B. 1943. Sex, gonad development and
seasonal gonad changes in Paphia staminea Conrad.
J. Fish. Res. Board Can. 6(2):140-151.

Quayle, D. B., and N. Bourne. 1972. The clam
fisheries in British Columbia. Fish. Res. Board Can.,
Bull. No. 179, 71 p.

Ricketts, E. F., J. Calvin, J. W. Hedgpeth, and D. W.
Phillips. 1985. Between Pacific tides. Stanford Univ.
Press, Stanford, CA, 652 p.

Robinson, A. M., and W. P. Breese. 1982. The
spawning season of four-species of clams in Oregon.
J. Shellfish Res. 2(1):55-57.

Roesijadi, G. 1980. Influence of copper on the clam
Protothaca staminea: Effects on gills and occurrence
of copper-binding proteins. Biol. Bull. 158:233-247.

Schink, T. D., K. A. McGraw, and K. K. Chew. 1983.
Pacific coast clam fisheries. Wash. Sea Grant Prog.,
Tech. Rep. WSG 83-1, Univ. Wash., Seattle, WA, 72p.

Schmidt, R. R., and J. E. Warme. 1969. Population
characteristics of Protothaca staminea (Conrad) from
Magu Lagoon, California. Veliger 12(2):193-199.

Schultze, D. L. 1986. Digest of California commercial
fish laws. Calif. Dept. Fish Game, Sacramento, CA,
40 p.

Shaw, W. N. 1986. Species profiles: life histories and
environmental requirements of coastal fishes and
invertebrates. (Pacific Southwest)—commonlittieneck
clam. U.S. FishWildl. Serv. Biol. Rep. 82(11.46), U.S.
Army Corps Eng., TR EL-82-4, 11 p.

Strathmann, M. F., A. R.Kabat, and D. O’Foighil. 1987.
Phylum Mollusca, class Bivalvia. In M. F. Strathmann
(editor), Reproduction and development of marine
invertebrates of the northern Pacific coast, p. 309-353.
Univ. Wash. Press, Seattle, WA.

Washington Department of Fisheries. 1986. 1986-
1987 salmon, shellfish, bottomfish sport fishing guide.
Wash. Dept. Fish., Olympia, WA, 20 p.

Wolotira, R. J.,Jr.,M. J. Allen, T.M. Sample, C. R. Ilten,
S. F. Noel, and R. L. Henry. 1989. Life history and
harvest summaries for selected invertebrate species
occurring off the west coast of North America. Volume
1: shelled molluscs. NOAA Tech. Memo. NMFS F/
NWC-160, 177 p.

42


http:82(11.46

THIS PAGE INTENTIONALLY LEFT BLANK

43



Venerupis japonica
Adult

2cm

Common Name: Manila clam

Scientific Name: Venerupis japonica

Other Common Names: Japanese cockle, Japanese
littleneck, Manila cockle, Manila littleneck, Philippine
cockle, steamer, asari (in Japan) (Cahn 1951, Chew
1989)

Classification (Bernard 1983a)

Phylum: Mollusca

Class: Bivalvia

Order: Veneroida

Family: Veneridae

Value

Commercial: The Manila clam is the second-most
important commercial clam species on the Pacific
coast of North America. It is primarily sold as a fresh
product. About 500 t have been landed annually in
Washington since 1975 (Schink et al. 1983, Chew
1989). Presently, only a limited commercial Manila
clam harvest exists in California or Oregon. Nearly all
Pacific coast commercial harvest of this species comes
from Washington and British Columbia. In Washington,
it is harvested year-round by diggers using forks,
rakes, clam hacks, and hydraulic dredges (Wolotira et
al. 1989). This harvest occurs on private and state tide
lands, for which diggers pay a royalty or "stumpage
fee" according to the weight landed (Chew 1989).
Harvest of this species is often aligned with oyster
growers, who also participate in a Manila clam fishery
(Chew 1989). Minimum commercial size is 38 mm
shell length (SL) (Frey 1971, Wolotira et al. 1989).
Because of strong market demands and good biological
attributes, aquaculture of this species has beeninitiated
(Anderson et al. 1982).

Recreational: This species is highly prized by

recreational diggers because of its good taste and
ease of capture (Chew 1989). It is one of the most
important recreationally dug clams onthe Pacific coast
(Wolotiraetal. 1989). Clammers harvest Manila clams
year-round during low tide periods by hand or using a
fork, pick, rake, shovel, or garden trowel (Frey 1971,
Wolotira et al. 1989). Itis so heavily harvested in some
areas of Puget Sound, Washington, that it has been
almost eliminated (Williams 1980a). Sport harvesting
of this species does occur in San Francisco Bay,
California, despite the possibility of harvesting clams
contaminated by urban wastes and the lack of official
authorization (Nichols and Pamatmat 1988).

Indicator of Environmental Stress: The Manila clamis
highly tolerant of pollution (Fitch 1953) and it may
accumulate large amounts of pollutants that are harmful
to humans. Hence, many waters are closed to the
harvest of this species due to urban waste water and
industrial contamination (primarily coliform bacteria).
Only recently have limited areas in San Francisco Bay
been open for Manila clam harvest.

Ecological: The Manila clamwas introduced accidentally
to the Pacific coast of North America probably around
the 1930s with Pacific oysters (Crassostrea gigas)
imported from Japan. It was first reported from British
Columbia in 1936 (Quayle 1938). It is often one of the
most abundant bivalves in estuarine intertidal habitats,
and the dominant intertidal bivalve in San Francisco
Bay (Frey 1971). Because its preferred distribution is
in the upper tidal zone, it is not believed to have
displaced any native species (Bourne 1982). The
Manila clam often occurs with Pacific littleneck clam
(Protothaca staminea), butter clam (Saxidomus
giganteus), softshell (Mya arenaria), Macoma spp.
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Manila clam continued

Table 1. Relative abundance of Manila clam
in 32 U.S. Pacific coast estuaries.
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clams, and other estuarine infauna (Wolotira et al.
1989). Pinnotherid crabs (Pinnixa fabaand P. littoralis)
are common commensals within the mantle cavity of
Manila clams (Haderlie and Abbott 1980).

Range

Qverall: The Manilaclamis atropical-temperate western
Pacific species, originally found from the Philippines
and China north along Japan to the southern Sea of
Okhotsk (Wolotira et al. 1989). It now occurs on
eastern Pacific shores from Elkhorn Slough, California
to British Columbia (Fitch 1953), and is also found in
Hawaii (Morris 1966).

Within Study Area: The Manila clam is abundant in
Washington estuaries, but is not commonly found in
many Oregon estuaries (Table 1). Itis highly abundant

in some areas of San Francisco Bay, but not in other
California estuaries. Oregon has had little success
with establishing and increasing Manila clam
populationsinthe state’s estuaries. Aquaculture of this
species is presently being conducted in Humboldt Bay,
California, Puget Sound, and other estuaries.

Life Mode

Eggs and larvae are pelagic. Juveniles and adults are
benthic infauna, occurring just below the sediment
surface down to about 5 cm (sometimes to 10 cm)
(Bourne 1982, Wolotira et al. 1989).

Habitat

Type: It is found from the intertidal zone to depths of
about 10 m (Wolotira et al. 1989), but is primarily found
at 0.9-2.4 m above mean lower low water (MLLW)
(Quayle and Bourne 1972). Itis not found subtidally in
British Columbia (Bourne 1982).

Substrate: An ideal substrate appears to consist of
gravel (much of which is <25 mm in diameter), sand,
some mud (4-5%), and shell (Anderson et al. 1982).
Beaches havingthis type of substrate are oftenrelatively
stable, and occur in many protected areas of Pacific
Northwest inlets and bays (Chew 1989). However,
Manila clams can inhabit a wide range of substrates.
Dense concentrations of Manila clams have been
found in substrates ranging from primarily sand (Cahn
1951, Ohba 1959) to mud. Additions of pea gravel and
smallrock on Manila clambeds can enhance settlement
(Chew 1989).

Physical/Chemical Characteristics: The Manilaclamis
found in mesohaline-euhaline waters (Haderlie and
Abbott 1980). Optimum salinities for larval development
are 20-30%. (Robinson and Breese 1984). Optimum
temperatures for larval development are 23-25°C, but
they can withstand temperatures of 0-36°C (Cahn
1951, Robinson and Breese 1984). Optimum conditions
for adult and juvenile growth are 28%. salinity (range of
24-31%,), 16°C temperature (range of 13-21°C), and a
food suspensiondensity of 55 mg/l (ranges 10-135mg/
l) (Bernard 1983b). Prolonged salinities below 10%.
are lethal (Bardach et al. 1972). Optimum tidal level
appears to be 1.5-2.5 m above MLLW (Quayle and
Bourne 1972, Glock and Chew 1979). Small clams do
not appearto grow during the winterwhentemperatures
are <10°C (Bardach et al. 1972, Glock 1978, Williams
1980a). The Manila clam requires temperatures >14-
15°C formaturation, spawning, and larval development
(Holland and Chew 1974, Mann 1979, Bourne 1982).
Juvenile and adult clams require maximum summer
temperatures greater than about 12°C to survive
(Bourne 1982). Steeply-sloped beaches are not good
Manila clam habitat (Miller 1982, Chew 1989). Waves
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and water currents play a major role in regulating clam
productivity. Currents remove waste, supply food and
oxygen, distribute spat, and may redistribute young
clams (Miller 1982, Chew 1989).

Migrations and Movements: Larvae are carried by

currents into appropriate areas for settlement.
Convergences and eddies often concentrate larvae.
Larvae attach a byssus thread to a pebble or shell
during settlement (Cahn 1951, Nosho 1971, Quayle
and Bourne 1972).

Reproduction

Mode: The Manila clam is gonochoristic, oviparous,
and iteroparous. It is a broadcast spawner, expelling
gametes from the exhalant siphon; eggs are fertilized
externally.

Mating/Spawning: In Japan, spawning occurs both in
the spring and autumn (Chew 1989). In Kasaoka,

Japan the Manila clam spawns from early May to July
and then again between early November and late
December (Chew 1989). Other Japanese studies
reveal spawning times from early March to mid-May
and from late Octoberto early November (Yasudaetal.
1945, Ko 1957). In Washington’s waters, the Manila
clam spawns once per year, usually between May and
September (typically peaking during June and July)
(Nosho and Chew 1972, Holland and Chew 1974).
Spawning apparently does not take place at water
temperatures below 15°C (Mann 1979).

Fecundity: Unknown.

Growth and Development

Eqgg Size and Embryonic Development: Eggs are
spherical and 0.06 mm in diameter (Wolotira et al.
1989). Embryonicdevelopmentisindirectand external.

Age and Size of Larvae: Larvae range from 0.06 mmto
0.19-0.24 mm in length (Wolotira et al. 1989). A

ciliated, motile, trochophore larvae forms within 24-48
hours after fertilization at 13-16°C. The veliger needs
about 3-4 weeks before metamorphosingto spat (setting
juveniles) (Cahn 1951, Quayle and Bourne 1972,
Bourne 1982). The duration of larval stages is
dependent ontemperature and food availability (Chew
1989).

Juvenile Size Range: At settlement, clams range from
0.190-0.235 mm SL (Williams 1978, 1980a), and reach

15 mm SL (range: 12-20 mm) before becoming sexually
mature (Ko 1957, Nosho and Chew 1972, Holland and
Chew 1974, Wolotira et al. 1989).

Age and Size of Adults: Some Manila clams may

mature at 15 mm SL (Ko 1957, Holland and Chew
1974). Growth rates vary considerably among
geographiclocations. One-year-oldclams are reported
tobe 8 mm SLinHokkaido, 18 mm SLinthe Inland Sea
(Ohba 1959), 27 mm SL in southern Japan (Tanaka
1954), 24 mm SL in Hood Canal, Washington (Nosho
and Chew 1972), and 10-15 mm SL in the Strait of
Georgia, British Columbia (Quayle and Bourne 1972).
Growth is also dependent upon the tidal level clams
inhabit, with growth often lower at higher tidal levels
(Chew 1989). Clams take 16-22 months to reach
market size in Washington (Glock 1978), and about 24
months in California (Frey 1971). However, they may
need 3-4 years before reaching legal size in British
Columbia (Bourne 1982). Manila clams also grow
more slowly in overcrowded conditions (Haderlie and
Abbott 1980). The maximum age is probably 7-10
years (Frey 1971).

Food and Feeding

Trophic Mode: The Manila clam is a nonselective
suspension/filter feeder. Food particles are inhaled
with water through the inhalant siphon, trapped by the
gill, sorted by the palps, and passed to the mouth
(Wolotira et al. 1989).

Food Items: Food consists of suspended detritus and
phytoplankton.

Biological Interactions

Predation: Important predators include: the moonsnails
(Polinicesspp.), rockcrabs (Cancerspp.), shore crabs,
rock sole (Lepidopsetta bilineata), English sole
(Pleuronectes vetulus), starry flounder (Platichthys
stellatus), pile perch (Rhacochilus vacca), shiner perch
(Cymatogaster aggregata), starfish (Pisaster spp.),
ducks, and scoters (Cahn 1951, Glude 1964, Bardach
et al. 1972, Quayle and Bourne 1972, Anderson et al.
1982, Chew 1989). Nematodes and other meiofaunal
predators may prey heavily on newly-setting spat
(Williams 1980a).

Factors Influencing Populations: Spat settlement areas

are dependentoncurrents and substrates (Chew 1989).
Wave damage, extreme temperatures, and siltation
can adversely affect population sizes (Bardach et al.
1972, Chew 1989). Extreme substrate temperatures
during winter and summer are potentially lethal (Chew
1989). High densities of adult clams may decrease the
ability of spat to settle (Williams 1980a, 1980b). Most
mortality appears to occur within the first two months
after settlement (Williams 1980a, 1980b). Losses of
newly settled spat are probably a result of predation,
starvation, and climatic conditions. Because of good
market conditions, numerous aquaculture ventures
are being established or considered (Anderson et al.
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1982). This species’ northern distribution is probably
limited by cold water temperatures (Bourne 1982). lts
southerndistribution may be limited by the high salinities
and substrate structure of southern Californiabays and
estuaries. Plastic netting placed on beaches improves
settlement and growth (Glock 1978, Glock and Chew
1979).
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