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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 velumes that presem
information on the spatial and temporal distributions,
relative abundance, and ife history characteristics of
47 fish and invertebrate species in 32 estuaries along
the contiguous west coast of tha U.S. Information
presanted inthis volume focuses on species life history
summarnes which were written to idanlify the critical e
history charactenstics thal help define a species’
occurrence in estuaries, These summanes were
developad tocomplament data presented in Distribution
and abundance of fishes and invertebrales in west
coast esfuaries, Volume I: Data summaries (Monaco el
al. 1930), hereafter refered to a5 Volume I The hife
history summaries are nol a complete treatise on each
species; however, they provide a concise account of
the most imporlant physical and biclogical faciors
known 1o influence a species’ occurrence.

This report s a product of the Nalional ODceanic and
Atmospheric Adminkstration's (NOAA) Estuarine Living
Marine Resources (ELMR) program (nside front cover),
a joint study of the National Ocean Service (NOS),
Matioral Manne Fisheries Senice (NMFS), and other
ressarch instituions. The objective of the ELMR
program is to develop a consistent data base on the
distribution, abundance, and Be hislory characlenstics
of important fishes and inveriebrates 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 fidal fresh zones) identified in
NOAA's National Estuarine Inventory (NE!) Data Atlas
- Volumme | (NOAA 1885), The MNationwide data base
contains information for approximately 135 fish and
irvertabrate species in 122 U S, astuaries,

Estuaries are among the most productive natural
systems and are important nursery areas that provide
food, refuge from predation, and valuable habilal for
mary species (Gunter 1967, Josaph 1873, Weinsiein
1879, Mann 1982). Estuarine crganisms that suppon
irmportant commaerncialand recreational fishanes include
salmonids, crabs, and molluscs, In spite of the well-
documented importance of estuanes lo fishes and
invertebrates, few consistent and comprehensive data
bases exist which allow examinations of the
relationships batween estuarine spacies found in orf
among groups of estuaries. Furthermore, much of the
distribution and abundance information for esiuarnine-
dependent species (1.e., species that require estuaries
during their life cycle) is for offshore life stages and
doas not adequately describa estuarine distributions
{Darmall o1 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 1888). Therefore, most existing
estuaring fisheries data cannot be compared among

North Atlantic

17 ehoariss,

Figure 1. ELMR study regions and regional research institutions.
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estuaries because of the varable sampling strategies.
Inaddiion, existing research programs do not focus on
how groups of estuaries may be important for regional
fishery management, and few compile ifformation for
specias having litthe or no economic value.

Because life stages of many species usa both estuarine
and marine habitats, information on distribution,
abundance, temporal utilization, and e history
characienislics are needed 1o understand the coupling
of estuarine, nearshore, and offshore areas. To date,
a national, comprehensive, and consistent data base
of this type does nol exist. Consequently, there is a
need to develop a programwhich integrates fragments
of information on maring and estuarine species and
their associated habiats into a useful, comprehensive,
and consistent formal. The ELMR program was
designed 1o help fulfill this need by developing a
uniform nalionwide data base on selecled esluanine
species. Resulls will complement NOAA efforts 1o
develop a naticnal esiuarine assessment capability
(NOAA 1985), identify information gaps, and assess

the content and quality of existing estuarine fisheries
data,

Lata Collection and I.'_er-::'|.'|r1-|z:|1|r_:-n.

Valume lcontaing detailed distribution and abundance
data for 47 fish and inveriebrale species in 32 wesl
coasl estuanes, and a complete discussion of the
methods used 1o compile thesa data. However, a brief
description of methods from Valume [ are presented
hera to aid interpraiation of distribulion and relative
abundance tables included in the species life history
summaries presented in this report. The following
sections provide an overview of the estuany/species
salection process, and development of the ELMA data
base.

Selection of Estuaries. Nineleen astuaries and marine
embaymants of the west coast (Figure 2) were initially
salected from the Mabional Estuanine Invenfory Data
Atlas: Volume | (NOAA 1985). However, 13 additional
wasl coast estuaries were added tothe MEI (and ELMR
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Figure 2. Location of the 32 west coast estuaries included in the ELMR program, and their salinity zones as
identified by the Mational Estuarine lnventory (NOAA 1985).
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program) due 1o their mporance as habitat for west
coast ishes and invertebrates. Dala onthe 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%.),
meding (0.5 to 25.0%:), and seawater (>25.0%.). While
some wesl coast estuanies do nol contain all three
salinity zones (e.g., southern California ambayments),
they were included because they provide important
habital for many auryhaline spacias.

Selection of Species. To ensure Thal imponant west
coast esfuarine species were included in the ELMR
shudy, a species sl was developed and reviewed by
regional experts (Table 1). Four criteria were used 1o
identify the 47 species antered into the data bass;

1} Commercial value - a species thal commercial
fishermen specifically Iry 1o catch {e.g., Pacific heming
and Dungensss crab), as determined from catch and
value statistics of the NMFS and slale agencies.

2} Recreational value - a species thal recreational
fisherman specifically try io calch thal may or may not
be of commercial importance. Recrealional species
(e.g., sleethead and Calitornia halbut) were determined
by consulting regional expens and NMFS repors.

3} Indicator spacies of environmental stress - identified
from the iterature, discussions with fisheries expers,
and frommenitoning programs such as NOAA's National
Status and Trends Program (NOAA 1984). These
species (e.g., Pacific oyster and white croaker) are
molluscs or boltom fishes thal consume benthic
inverlebrales or have a strong association with boftom
sediments, Their physiclogical disorders, momphological
abnormalities, and ability to bicaccumulate
canaminantsindicate environmantal pollutionorsiress,

4) Ecologicalvalue - based on several species attributes,
including trophic level, relative abundance, and
mmﬂamnfspulﬁasahafpudm:wmmw
organism (e.g., bay shrimp and topsmelt).

Data Sheets. A data sheet was developed for each
speécies in each estuary 1o enable quick compilation
and data presentation. For example, Figure 3 shows
the data sheeal for threespine stickleback In ceniral San
Francisco, San Pablo, and Suisun bays. Dala sheets
were developed by project stalf and reviewed by local
experts, Data compiled for each species’ life slage
included: 1} the salinity zones it cccupies, 2) its monthly
occurrence inthe zones, and 3) its relative abundance
in the zones.

(Tavle 1. ELMR species s iy
Scientific Name Common Nama
Trosus capax 3 Mﬂhﬂm?
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Triakis semifasciata m shark
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Figure 3. Example of a species’estuary data sheet;
threespine stickleback in Central San

Francisco, San Pablo, and Sulsun bays.

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

*» Highly abundant - species is numerically
dominant relative fo other species,

= Abundant - species is often encounterad in
substantial numbers relative fo other species.

= Common - species is generally encountered but
net in large numbers; does nol imply an even
disiribution over a specific salinity zona.

# Hare - spacies is present but not frequently
encountersd.

* Nol preseni - species or iife stage not found,
questionable data as o identification of the
species, or recent loss of habitat or envirenmental

degradation suggests absence,

* No information availabie - no data available, and
after expert review it was delermined that even
an aducated guess would not ba appropriate,

Information was compiled for each of fve ife stages,
Adults ware defined as sexually mature individuals,
juveniles as immature bul otherwise similar to adults,

and spawning adults as those releasing eggs orsparm,
A few exceplions exisled to these defined life stages,
such as mating of Dungeness crab, and pafurition (live
birth) of the viviparous leopard shark and shiner parch.
In addition, the following unique life history information
is provided 1o interpred the data: 1) for the Pacific
oyster, spawning adulls, larvae, and eggs are not
ghown because spawning is sporadic (most spat is
hatchery produced and placed onbeds), 2) for the pink,
chum, coho, and chinook salman, the onset of sexual
maturation (accompanied by morphological changes,
heming behavior, and a reduction in feeding/growth)
was used o define the beginning of the adult e stage,
and 3} because migrating juveniles of differant races of
chinook salmon are ditficult to separate in the field, the
dala for juveniles of the different races of chinook
salmon include all races. However, yaarling juveniles
{spring and winter races) usually migrate to the ocean
earlier than subyearfing juveniles (lall race).

For well-studied spacies such as salmon, quantifative
data were used to estimale abundance levels. For
many spacies, however, relinble quanitative data were
imited. Therefore, regional and local experis were
consulied to estimale relative abundances based on
the above criteria. Several reference or “guide” species
with abundance levels corresponding to the above
criteria were identified for each estuary. These guide
species lypified fishes and Inveriebrates belonging to
a paricular life mode (e.g., pelagic, demersal) or
occupying similar habitals, Once guide species were
selected, other species were then placed into the
appropriale abundance cal & redative o tham.
These data represent relative abundanca levels within
a specific estuary only; relative abundance levels across
west coast esluaries could not be determined.

Intormation in Volumne /was compiled for each species
and estuary combination, and organized inlo four data
SUMMAries:

s Spatial distribition and relative abundance
= Tamporal distribution

» Data reliabiity

» Presenca/absance data

When compiled in this manner, the data can be easily
translated ino varous tables, such as the overall
occurrance of ELMA wes! coast species depicted in
Table 2. Appendix tables 1-3 are examples of how the
data were summarized and presented in Volume [
Appendix lable 4 provides the wes! coast ELMRA
prasence/absence dala.
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Table 2. Decurrence of 47 species in woest coast estuanes. Symbols represont the highast relative sbundance of adulis or uvenilas
of & species, in any salinity zone, in any month, within each estuary.

Blank - Mot presant

O - Commaon

i® - Abundant

=) - @@ = . Rl (8] [o)@lo
) = @ e &80 80 =@ 0|0 |8 |&as
® =@+ - @ a@ ~oa-—-e e s
0 = 10|0 - @& @ o= [~|olo|8] |8 |~|ol@
SHAOEEEED - #}-|0 L lojof-|8] |8 |elele
@ -0l b oee ® -ole| 8 |8 |[ele®
. & &0 > 0 0. &@a | [@=eoo [oF=a8olo
@ | [+|@0 0 | e - @@ [~ @ae00| [+~ ®00
®|e| |[®@olo] o]l =lo 0 8 |- o®0 8| |&-|el0O0
2l@f-| |@=[of=]o] | [+ ® . - HO0OE ® e-a--eoce
8| [+ o8 [#0/elojojC)e L) @ -0 eese ol |el-al-|ej0jo/@
8- [~-o& eescsee e O |@ -8 ~l0ee® Of- @~ |®0eo- &
we [@-l@8ojo slels e | [olo = 0l | |o|elelojo of=elo/@0e|or @
S 8] o |elel o= i CIE DERSERT .- - 5]
e8s0 #E8-&e&80--e 8- |0|0{0 @0 [0lojo]e O |e|ojoj0|@| |@
= HEEDE eCls|alel--| [Cloel- @ = & w o
= @] [ololelo] | |ejoelelel-|-] @ ol | [o Cll @ | I~
..e.fili e0es ee-00ee e0® s e0 80 ®|eo®0 - @|0[0l0|e i
80 e oo Oo=e = 8- |0jolc] |elo @@ 0@ ®
& |e | @ (ele &0 HaEDOE o= oa |elo CIE L i
=l (o] | | |@ |ee] I-F~l&[o] | [os|s|s|@/o-| lef~| [olo] |® olo] I-le | |e
@@ O-e e 00=e ®C|0/ee0 | @0 [0 8|8 - @/0l00/e L
- lLC] 5] olojoleleio] | @ [ o | o L= - -
& @ee @oooe i oof-lof=e| | e | [Oa |e OCSED - |
OORRCECROOREEED lnﬁiiﬁ DR ERE OOSREORED
8 |- e o ee Of|@ eFaa®0 | e | & @ @@ |[O® W
5] 0 eel |[O&ee 80&seo-0aese - |8 CERRC) &
Oeof| Deas (ee O QEIR0EI0C O®oe - |@ OoEED n
olelol| [0ee elel [O6&& e0aaes - Osce- e el@olD)@
8 0®0 eoeceel Olm EEGECIC O RO E S 8- SCICIEGE)
wees esoceace | e glojole|leele & | O | |® ee00®
eesa eeasse [~-e oojole=e/eaalc- e | (@~ O0EEC
sl |3 ]
} g { m il,[4 |3
mmmmm“mm mmmmmmmemmmmwwmmmmmmeMmmmmmmmm me
3214021303203 130318 3331181008 2 B 5 A8 1212 132 2023 2 M A

8 - Highly abundant




Data Verification. Approximately 3 years were required
to develop the 1,760 data sheels and consull with
regional and local experts, Each data sheel was
caralully reviewed durng consultations or by mail.
These imporant consultations complemented the
published and unpublished literalure and data sets
compiled by MOAA. Ninely-cne scienlists at 26
institutions or agencies were consulled, Local experts
were particularly helpful in providing estuary/species-
specific information. They also provided additional
references and conlacls and ideniilied additional
species 1o be included in the ELMR data base.

Data Content and Cuality

An important aspect of the ELMR program, espacially
gince i was based prmarily on published and
unpublished lHerature and consultations, was o
determine the qualty of the data used. For many
species, gear selectivity, difficully in identifying larval
stages lo species, and difficully of sampling various
habitals has limited the amount of reliable information.
Therefore, a deliberate effon 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 informalion organized by species, lifte
stage, and estuary are presented in Volume /p. 149-
184). Data reliability was raled numerically as:

1= Highly cerain. Considerable sampling data
available, Distribution, ecology, and preferred habitals
well-documented within an esiuary,

2= Moderalely 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
availabla. Information onspecies distributions, ecology,
and preferred habitats documented in similarestuanies,

Appendix fable 3 is an example of how data reliability
estimates were summanzed in Volume [, and the
following section presents an analysis of thal velume's
data refiability estimates.

Analysis of Data Content and Qualily. Toassessthe
overall certainty of the ELMR west coast dala, mean
data reliability was calculaled by esluary, specias, and
life stage. Maan data reliabdity was calculated using
data reliability values for only those species and [ife
stages thal wera known o ccour within an estuary.
This allowed accurate comparnsons betweaean asluanas
and species since specias and life stages known 1o be
sbsant were always recomded as highly certain.

This analysis identified estuares, species, and life
stages that have the most reliable information and
those with the poorest. This information, combined
with the data in Violune [, clearly defines tha ELMR
species, ife stages, and estuanies which should be the
focus of ressarch elforts. Future research should
include & comprehensive and consistent sampling
program to quantity species distributions and
abundances within and across estuarnes. In addition,
life history data {like the information in this repor)
should be compiled, especially for those species thal
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may nol have economic value, bul are ecologically
important.

Mean data refiabity of fish and invertebrate data for
wesi coast estuaries ranged from 2.8 (poarly-studied
Mehalem Bay) 1o almost 1.2 (highly-studied Columbia
River) (Figure 4), with an overall average of 2.0
(moderately certain). Ingenaral, the reliability estimates
reflact the amount of fisheres research that has been
conducted within an estuary. These dala reveal that
large estuaries (Puget Sound, Hood Canal Skagit
Bay, Columbia River, and San Francisco Bay) have
been relativaly wall-studied, while most small bays and
estuaries have not. Developed estuanies (i.e., those
subjected 1o dredging and filling, jetty and pon
construction, and nearby urbanizatbon) and their
drainages typically have been the focus of numarous
research studies. In contrast, some of the least-
developed estuaries (Willapa Bay, Nehalem Bay, Siletz
Riwer, and Tomales Bay) appear to be the least-
studied. Hence, there appears 1o be a need o collect
baseline fish and inverlebrate distnbution and
abundance data from relatively undeveloped and

unpoliuted astuanes.

When analyzed by species (Figure 5}, the data show
that salmaonids and Pacific oyster have the best dala
reliability (=1.6). This reflects the economic value of
these species and consequently the large number of
research studies thal have focused on tham. Poorly-
studied species (data reliability =2.0) include Calfomia
jackknife clam, Pacific gaper, bay shrimp, cutthroat
irout, three smell species. Pacific lomeod, topsmelt,
jcksmaell, threespine stickleback, arrow goby, Pacific
sand lance, and Pacific slaghom sculpin. Most of
thase species have not been sludied because they are
ol Com important, Howsver, some (e.q.,
Pacific sand lance) have polentlal for increased
commarncial harvest or as indicators of anvironmantal
health, and should be the focus of fulure research.

Whenanahzed by life stage, data for juvenile and adul
Iife stages were most rediable (1.8and 1.7, respectively),
while data pertaining to spawning adults, larvae, and
eggswere less cerlain (average =2.3). This reflecisthe
number of research sludies which have concentraled
on adult and juvenile life stages. Species-specific
sludies of spawning adulls, larvae, and eggs, have not
bean conducled in most esiuaries. Thus, soma of the
information for these e stages was inferred from life
history studies and data from similar estuaries.

""'i'ahlu"a' Mﬂmﬁmhfﬁuﬁm
Common Hame. he most often used common name.
Scisntific Name: tha mos! recent loxonomic ganus and

hliteil N
Crthet Common Names: other namas that are sometimes
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for the 32 ELMA wesi cons! estuaries.,

Lite Mode: the kfe histary stmtegy of a spocies and its
il slages {e.g., anndromous, estuarine resident),

Halsitat

Tupg the habitats used by specific ife sages {a.0.,
rivaing, naits, spipelagic).

Substrale’ the substmis pralsences of spealc [l siogea
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Repraduction
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mating or spawning behodor,
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Growth and Developmont
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egn and leng of ime kar embryonic denslopment.
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dutepniloy Sizg FRAGE: B Si2e rangs of knanbes.
dpe and Sire of Adully: $ie age and size mnge of adults.

Food and Feading |
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Biological Interac ons
Eredaban: the predators which consume o specias,
Easlors Influencing Pooulations: and physical

parnmatars that are known & nflvance o species’
populaion abundancs (8.g . sverdishing, ccean
productivity, spavwning habaal],
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re 6. Life history table headings used to develop the information in Appendix 5.




Species Summares

A concise life history summary was written for aach
species to provide an overview of how and when a
spacies uses asluanes and what specific habilats &t
uses. The summares highlighl specias-spacific life
history characteristics that retate directly to estuarine
spatial and temporal distribution and abundance (e.9.,
many molluscs have particular salinity and substrate
preferences), Information for the species life history
summanes was gathersd primarily from published and
unpublished eralure; individuals who had species-
specific knowledge were also consulled. Summaries
were writthen using the formal shown in Table 3. A
glossary of scientific terms used in the species
summarnias is provided after the last summarny (p. 273).

Included with each summary is a relative abundance
table based on ELMR data from Volume . This table
provides a synopsis of the specles’ cccumrence in 32
west coast estuaries. Information for each table was
obtained by summarizing the ELMR data for each
mionth of the year and across all salinity zones o oblain
the highest level of sbundance for each |fe stage.
Hence, these tables depicl a species’ highast
abundance within an astuary, but [ack the temporal
and spatial definition provided in Valume /.

Life History Tables. ‘While the species life history
summarias provide briel accounts of imporiant life
history attributes, they do not parmit a direct and simple
assassment of characleristics thal a species shares
with others (or lacks allogether). Furlhermors, many
Ifa history afiributes are categoncal (e.g., fesding
wpes can be classified as camivore, herbivors,
detritivora, atc.) and more easily viewed in a tabular
format, Therefore, information found inthe specias life
history summaries was augmented with additional
physical and biological criteria and condensed inlo four
life history tables (Appendix tables 5A-50). Major table
headings are: Bi . Habital Associations,
Biological Aftributes and Economic Value, and
Reproduction (Figure 6). These lables present life
history characteristics for each species along with
behavior traits and pml’arrad habitals. They reflect the
mosl cument information aboul a species as gathered
from published and unpublished literature and can be
used 1o quickdy identity species with similar traits, For
example, areaderinteresied only inpelagic (as opposed
1o benthic) species can use Appendix lable 58, Habifat
Associations, 1o idenfify relevant spacies. In addition,
terms used in (he life history lables are defined in
Appandix 6.

Concluding Commanis

Az it becomes apparent that the cumulative effects of
small alterations inmany estuanas have a tolal systemic
impact oncoastal ocean resources, il is more imporiant
than ever o compile consistent information on the
Nation's estuarine fishes and inverebrates, Although
ihe knowiedge available 1o efleciively presense and
manage estuarine resources is imited, the ELMR data
base provides an imporiant tool for assessing the
status of estuarine fauna and examining their
relaticnships with other species and their environment.
These life history summaries and [ife history tables
highlight many of the bicdegical and environmental
factors that play a role in determining each species’
distnbution and abundance. Together, the ELMRA data
base and ife 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.

Tha ELMR programiis continuing to compile and assass
estuaring biclogical and physical data to improve the
Mation's ability to manage coasial ocean resources.
Forhecoming repors will help furher define the
impordancea of wesl coast estuanes to fishes and
irveriebrales. One of these reporis will presant
information on salmonid halchery production and
escapement for several wesl coast esiuaring basins.
Another will present resulis of multivaniate analyses of
the ELMR west coast fish data to identify the coupling
of spacies distributions and estuarine physical and
hydrological characleristics.
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Blue mussel

Mytilus edulis
Adult

2cm

Common Name: blug mussel

Sclentific Hame: Mylilus edulis

Other Common Names: bay mussel, edible mussel,
black mussel, pile mussel (Gates and Fray 1974)
Clasgsilication (Bemard 1983)

Phylum: Mollusca

Class: Bivalvia

Orcler: Mylileida

Family: Myltilidas

Recen research has shown thal Pacilic coast “Mytius
edulis = populations may actually be composed of two
distinct species: M. frossuivs Gould, 1850, distributed
from nonhern Caltornia through Alaska and the Soviet
Union, and M. galloprovincialis Lamarck, 1819,
distributed in Japan, Hong Kong, South Alrica, the
Mediderranean Sea, he Allantic coasts of Europe and
the British Isles, and souwthem Califomnia. In central
Calitornia, both species are present along with hybrids
(MeDonakd and Koghn 1888), However, this species
summary presenls information using the previous
nomenclaiure of M. adulis.

Value

Commercial: Batween 1942 and 1947, up to 1,350 1
were harvested annually in the United States (Chenay
and Mumford 1986), but the harvest declined
dramatically after thal perod. Since the 1580s,
cultivation and harvesting increased; in 1981, 7,5001
were landed with most cultivaion and harvesting
occurring on the east coast, primarily in New England
(Gheney and Mumford 1588). Cultivation of blue
mussels has recently bean indiated in Oregon and
Calilornia coastal waters, and in Pugel Sound,
Washington. Presenily, mussels are commercially
harvested from Calilornia ofishore oil platlorms

However, California inland waters are closed to
harvesting from May 1 1o Oclober 31 (both spor and
commercial) because of potential for paralytic shellfish
poisoning. Sixculiure methods are cumenily employed.
raft, post, botiom, pole and ling, long Ene, and rack.
Spain is currendly 1he world's largest producer of cultured
blue mussels {Oceanographic Institute of Washingion
1881). There appears (o be an excellent opporiunily
for more LS. aquaculiure of this species (Lutz 1980).

Becreatipnal: Estimates of blue mussels harvesied by
gporismen are presently unknown.  However, this
species i regularly used as bail and human food
throughoult its range

|ndicator of Environmental Stress: Since it readily
takes up and concentrales contaminants in the maring
environmend, this species hasbeenused as a“sentinal”
of environmental quality [Mational Research Council
18980, Broman and Ganning 19BG). Increased
temperalures can interact with zing and salinity to
accelerate toxic elfects {Cotter af al. 1982). Even low
concentrations of iributyltin oxide (a paint additiva)
reduce mussel growth hyperbolically {Stremgran and
Bongard 1987). Adecline inthe scope lor growth of M,
egulizhas beencomelaled with increasing body burdens
of chromium, Copper, mercury, Siver, aluminum, Zmc,
todal chlordanes, and desldnin (Marin et al. 1984).
Heavy metals, particularly mencury and copper, inhibit
byssal-thread lormation. Lead i incorporated al a rale
that is linear with seawaler concentration, thus making
thiz an ideal animal for monitoring lead pollution in
marine environments (Haderlia and Abbott 1280).
Mussel embryos are highly sensitive fo tfrace melals
iMarinel al. 1881). Crudeodl is nod highly toxic lo adult
and juvenile blue mussals (Roberts 1976).
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Bilug mussel continuad

Tabie 1. Relative abundance of blue musseal
in 32 .S, Pacific coast estuanies,
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Ecological: Aggregations of this specees often form a
diztinc “band” on substrales (pilings, rocks, ete.) where
erwironmental condilions are suitable. These bands
have a characterislic animal assemblage (i.e., mussel
shells also provide substrates for barmacies, hydroids,
bryozoans, and ascidians) (Kozlol 1976, Ricketis et al.
1885). This species is a common fouling organism.
Larvage are imporiant prey for carnivorous
zooplankivores (Bayne 1976). Bue mussel populations
appeartobeimportant incycling nitrogen, phosphorus,
and amino-nilrogen in Soma marnng environmenis
(Kautsky and Wallentinus 1980, Kautsky 1581, Kautsky
and Evans 1887). Genetic differances between
populations may anable them (o imvade suboptimal
habitats (Koehn ¢t al. 1584, Mallel ¢ al, 1987).

Ran

mﬁf Tha blue mussel, cosmopoditan in temperate
and cold seas (Bernard 1983), is very abundant in
quiet-water locations from Puget Sound to Alaska
{Ricketts et al. 1885). In the Pacific Ocean, il ranges
from Alaskato Cedros Island, Mexico (Morris 1966). R
is also found on the wes! coast of South America, and
in Japan, Australia, and the Morth Atlantic (Haderlie
and Abboll 1980), Onthe easicoast of North America,
the blue mussel ranges from Cape Hatteras, Norh
Carolina 1o Labrador (Mewell 1983). In the westem
Atlantic, it is found in Greal 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
northemn par of iis range (Table 1). In many southem
California estuaries, this species is resiricted lo whar!
pilings and the undersides ol floating docks [Rickatis &
al. 1985).

Life Mode

Eggs and larvae are pelagic, Juveniles and adulls are
sessile and epibenthic, living on hard or rocky bottoms
or any relatively stable habdats (pilings, wharls, hanging
ropes, el ). Juveniles and adults do not need light and
are often lound undemeath floating objects. Thay
atlachthemseives tothese substrates by byssalthreads.
Alllife st ages can be lound inestuaries and innearshore
maring emvironments. Juveniles and adulis do nol
dominale exposed nearshore rocky maring habitats;
the Calilornia mussel M. calfornianus appaarsto have
a competitive advantage in these areas.

Habitat

TIype: All life stages inhabil marine and estuarine
environments. They are most often feund in esluaries
or protecied bays, since they prefer quiet water. Blue
mussels oocur primarily inertidally 1o 5 m depth, but
have been lound to 36 m (Cheney and Mumford 1885).
in many morthern locations, they are lound only
sublitiorally (Seed 1976). The upper tidal limit of blue
mussels is rolated o physical lactors (e.g., exposure o
air and desiccation), whila the lower limi is probably
determined by predation (Seed 1976).

Subsirale: Plantigrades (late larval slages) appear {0
use aljas-coverad subsirates inttially before finding
final attachment sites (Seed 1976). Juvendes and
aduhs can be found on a vanety of substrates, ranging
from coarse unconsolidaled substrales lo rocky
outcrops. Almost any fairy stable subsirate can bo
used forsettlement; including many man-made objects
such as pilings, ropes, wharls, boal boltoms, buoys,
elc. (Shaw et al. 1988).
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acierislics: This species is
qurld m walurs 1hm ra.ng-ﬂ in temperature from -4 1o
30°C (Bernard 1983}, It canwithstand temperatures of
1.7-26.7°C (Cheney and Mumiord 1988), bul
temparalures above 20°C appear to be stressiul (Hines
1979}, Trochophore development oocurs best within g
salinity range of 30 to 40°%. and temperatures of 8-18°C
(Bayne 1965). Larval survival al salinitees from 15-
40%. and temperatures of 520°C is good, but drops
drastically at 25°C. Oplimum larval growth occurs at
20°C in salinities of 25-30%. (Brenko and Calabrese
1869). Juveniles and adults tolerate salinities of 5-
37 and canwithstand 0% lor ashort perod. Optimum
lemparature for juvemle and adult growth is 10-20°C
{Haderlie and Abbott 1980) and oplimum salinity is 10-
30%.; it can tolerate low oxygen for several days, The
blue mussel prefers areas with slow to medm waler
currents and areas protected from surf. Limiled data
suggest thal environmenial requirements may limil
embryonic development, especially in esluarine
populatons (Bayne 1976). It appears that when waler
conditions become adverse, adull and juvenile mussals
will isolate themselves from these conditions (close
shell and reduce pumping actvily) and rely onanaercbic
metabalism (Aunaas ef al. 1988), Bay mussels are
olten milegied with the parasiic copepod Mytiveola
ovientalis (Bradley and Siebarl 1978),

Migrations and Movements: Larvae swim freely for
approximately 4 weeks, settling mainly in the summer
in southern Calilornia (Haderlie and Abbott 1980). In
Puget Sound, peak setilement varies widely butusually
occurs from late April through early July. The period of
settiemeant appears to depend primarily on lemperature
(Skidmore and Chew 1385). Post-larval mussels
secrete lang, single, unatlached byssal threads, which
increase drag and allow young mussels to be carried
by weak currents (Haderlie and Abbolt 1980).
Plantigrades often attach and detach themselves many
limes bedore finally setiing (Seed 1976). Larvae may
undergo diurnal vertical migrations and “selective
swimming” (swimming at diffarent tide stages), thus
aiding relention in estuaries (Bayne 1976). Juvenile
and adult blue mussels appear to be more mobdle than
M. californianus. Blue mussels apparently cancrawlio
the edge of mixed colonies. This ability also penmits
them to move when sedimentation threatens to bury
them (Haderlie and Abbotl 1980)

Reproduction

Mode: The blue mussel is gonochoristic (but some
hermaphroditiem has been reported), oviparous, and
fteroparous. It Is a broadcast spawner; eggs are
ferdilized axternally,

Mating/Spawning: In Willapa Bay, Washington,

spawning occurs when water temperatures wam fo
18°C {late spring or summer) (D. Tults, Willapa Bay
Shelliish Lab., Washinglon Department of Fisheries,
P.O. Box 190, ODcaan Park, WA pars. comm. ). Mussels
in Brilish waters spawn when water temparatures riss
from 9.5°C 10 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 bagins in May innortharmn Galifornia,
wilh panially spen! mussels found until November
(Edwards 1584). In southern Calilormia, some males
may be ripe all year-round, but females have malure
eva from Movember-May (Moore and Reish 19689,
Haderlie and Abbott 1980). In British Columbia, most
blue mussals appear o spawn inspring, bul some may
alzo spawn again in fall (Emmetl 8 al. 1387}, Mussels
are stimulated 1o spawn by increasing waler
lemperature, mechanical action, sirong wave action,
lunar cycle, and wvarious chemicals (Cheney and
Mumiord 1986).

Fecundily: Fecundities range from 3 million 1o & million
eggs per female {Skidmore and Chew 1585)

Growih and Development

Eggsize and Embryonic Development: Eggs are ovoid
and 0.068-0.070 mm in diameler (Bayne 1976).
Embryonic development is indirect and external, and
lakes aboul 48 hours,

fge and Size ol Larvae: Ferilized eggs first form
rochophore and then veligerlarvae; theselarval siages
do not have a shell. Once secretion of the shells has
slared, the larva is called a veliconcha. In this fomm,
locomotion is provided by the velum. As thelarva nears
metamerphosis, a pedal organ develops: when this is
functional, the tarva is called a pediveliger. After
secretion of the adult shell {disscchanch) begins, the
larva is called a plantigrade (Bayne 1976} and is ready
1o setile out of the waler column. The length of the
larval stages depends on food availabiity, lemperature,
sahinidy, and olher vanables (Bayne 1976). Larvae
mature into spat in 3-dweeks, bul may remainplankionic
lor up 1o 10 weeks (Cheney and Mumiord 1986).
Valiger farvae are about 0.110-0.260 mm wide;
plantigrades are approximately 0.26-1.50 mm wide
[Bayne 1976).

Juvenile Size Rangse: The blue mussel is 1.0-1.5 mm
long at settlement (Newell 1989). Growth rates are
highly variable depending on area, lemperature, fcod
availabillly, and other laciors.

Age and Size ol Adults: Most appear to mature in about
ayear, depending onlood availabiity and other physical
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factors. The smallest adulis may be 10 mm long and
they rarely grow more than 5cm long. However,
specimens upto 10 cm long have been found {Rickets
et al. 1935). Culiured mussels can reach 50 mm long
{marketable size) in 12-13 months in Pugel Sound
(Skidmore and Chew 1985). This size is reached in 2-
3 years in natural California populations. The oldest
recorded specimens {18-24 vaars old § ware from cool
norihern climates {Seed 1976). Growlhmay be limited
by immersion time which in tum may be a resull ol
verical distribution (Suchanek 1978).

Food and Feeding

Trophic Mode: Larvae, juveniles, and adults are
planktivorous filter feeders; pelagic delrifus and
planktenic organisms arg irapped by mucus sheels
that move over the gille. Thay can salect lood tems
and reject non-lood lems.

Eood ltems: Larvae feed on phytoplankton, Juvenilas
and adults feed on detritus, phyioplankton (such as
dinofiagellates) and organisms as small as 4-5 wm in
diamater (Incze el al. 1980}, Organic detriluscanbe a
major lood sourca, and they also absorb dissobved and
pag:aininulate organic compounds (Haderlie and Abbolt
1580).

Biological Interactions

Predation: Predation has at times resulledinthe loss of
0% of the harvesiable blue mossels in an area.
important predators inClude perch ( Embiofoca lateralks
and Rhacochilus vacca), crabs (Cancer spp., and
Pachygrapsus crassipes), starfish ( Pisasterochracea),
snails { Nucella spp. ), and scoterducks (Melaniffa spp.
and Oidemia nigra) (Waterstrat et al. 1980,
Oceanographic Institute of Washington 1981).
Plankiivorous fishes and inveriebrales are important
predators of blue mussel larvas,

Eactors Influencing Populatiens: Paralytic shellfish
poisonng can reduce mussel abundances [Reish 1963)
and may result in unharvestable products. Diseases
such ashemocytic neoplaska may also cause subsiantial
morality (Elston et al. 1988). Pollution (both industrial
and residential) is a major problem for mussel growars
{Oceanographic Institute of Washinglon 1981). Other
factors which reduce this species’ abundance are
diseases, fouling, and storms, The monality rate
during the pelagic larval stage is probably as high as
99% (Bayne 1976). Causes of larval martality include
predation, excessivedispersal, andunsuiable physical
parameters. Adull moriality may also be caused by
spawning-redated stress (Emmett at al. 1987). The
blue mussel's upper interidal distribution appears o
be redatled to the survival of selifing spal (Ross and
Goodman 1974). Lower distribution is most often

related lo predation. Above maan tide level, the blue
mussel competes with Balanus glandwla (Ross and
Goodman 1974).

Referoncos

Aunaas, T., J. P. Denstad, and K. E. Zachanassen.
1988, Ecophysiological importance of the isolation
response of habernating blue mussels (Mytius adulrs).
Mar. Biol. 28:415-419.

Bayne, B.L. 1965, Growth and delay of metamorphosis
of the larvae of Mytius edulis (L.). Ophelia 2:1-47.

Bayne, B. L. 1976. The biclogy of mussel larvae. In
B. L. Bayna (editor), Marine mussels: their acology and
physiclogy, p. 81-410. Cambridge Univ. Press,
Cambridge, U K.

Bevnard, F. R. 1283. Catalogue of the living Bivalvia
of the eastern Pacific Ocean: Bering Strait 10 Cape
Hom. Can. Spec. Publ, Fish. Aquat. Sci. 61, 102p.

Bradley, W., and A. E. Sisbert, Jr. 1878. Infection of
Osirea lundaand Mytius edulisby the parasiic copepod
Mytiicola orenialis in 3an Francisco Bay, Calilormia.
Veliger21(1):131-134.

Brenko, M. H., and A. Calabrese. 1969, Thecombined
ellecis of safinity and lemperaiure on larvae of the
missel Mytius edudis. Mar, Biol 4(3):224-228.

Broman, D., and B. Ganning. 1586. Uptake and
release of petroleum hydrocarbons by two brackish
water bivalves, Mytius edufis(L.) and Macoma balthica
(L.). Ophefia 25(1):49-57.

Cheney, 0. P.,and T. F. Mumiard, Jr. 1886. Shellfish
and seawesd harvesis of Puget Sound. Wash. Sea
Grand, Undv. Wash. Prezz, Seattls, WA, 184 p.

Chipperfield, P. N. J. 1853. Observations ol the
braeding and settlement of Mytius eduwlis(L.) in British
wators, J. Mar. Biol. Ass. UK, 32:449-476,

Cotter, L. J. R, D. J. H. Phillips, and M. Ahsanuliah.
1882, The significance of temperature, salinily, and
zing as lethal tactors for the mussel Mytilus eduls ina
polluted estuary. Mar. Biol 68:135-141.

Edwards, R. L. 1984. The reproductive parcentage
solids cyclas of Mytilus edulis and Mytilus californianus
inHumbold County, California. M.5. Thesis, Humbald
State Univ., Arcata, GA, 57 p.

17



Hiwe mussed continued

Elston. R. A, M. L. Kenl, and A. 5. Drum. 18988.
Progression, lethality and remissionof hemic neoplasia
im the bay mussel Mytilvs edulis. Diseases Aguat.
Drgan. 4:135-142.

Emmett, B., K. Thamgsen, and J. 0. Popham. 1987,
The reproductive and energy storage cycles of two
populations of Mytilus edulfs (L.) from British Columbia.
J. Shellfish Res. 6{1):29-36.

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

Hadedlie, E. C., and D. P. Abboft. 1980, Bivalvia: the
clams and allies. in R. H. Morris, D. P. Abbott, and E.
C. Haderlie (editors), Intertidal inverebrates of
g:l_ifmnia.p. 355-411, Stanford Univ. Press, Stanford,

Hines, A, H. 1979, Effects of a thermal discharge on
reproductive cycles in Mytius edulis and Mytius
calfornianus (Mollusca, Bivalvia)., Fish, Bull, U.S.
77(2)-498-503.

Incze, L. 5., R. A Lutz, and L. Walling. 1980.
Relationships between effects of envirgnmental
temperature and seston on growih and mortakity of
Mytilus edulis in a temperate nothern estuary. Mar.
Biol, 57:147-158.

Kautsky, M. 1981. On the trophic role of the blue
mussel (Myhilus edulisL. ) ina Baltic coastal ecosysiem
and the fate of the organic matter produced by the
mussels. Kieler Meeresforsch., Sonderh. 5:454-461.

Kautsky, M., and 5. Evans. 1987, Role of biodeposition
by Mytilus edulizin the circulation of matter and nutrients
in a Balic coastal ecosystem. Mar, Ecol. Prog. Ser.
3a:201-212.

Kautsky, M., and | Wallentinus. 1980, Nutrent release
from a Baltic Mynius -red algal community and is rale
in benthic and pelagic productivity. Ophelia (supgpl).
1:17-30.

Koshn, R. K., J. G. Hall, . J. Innes, and A. J. Fera.
1984, Genetic differentiation of Myfius egulisineasiem
Mol Amarnca. Mar. Biol. 79:117-128,

Kozlofl, E. M. 197&. Seashora life of Puget Scund, the
Strait of Georgia, and the San Juan Archipelago. Univ.
Wash. Prass, Sealtle, WA, 282 p.

Lutz, R. A. 1380. Introduction: mussel culture and
harvest in North Amenca. /n R. A. Lulz (edilor),

Mussals culture and harvest: a North American
parspective, p. 1-17. Elsevier Scientific Publ. Co.,
Amsterdam, Holland,

Mallat. A. L., C. E. A. Carver, 5. 3. Coflen, and K. R,
Freaman. 1587, Medality vanations in natural
populations of the blue mussel, Mytilus eduiis. Can. J.
Fish. Aguat. Sci. 44;1589-1594,

Martin, M., G. ichikawa, J. Goetzl, M. de los Reyes, and
M. D. Stephenson. 1384, Relationships between
physiological stress and trace loxic substances in the
bay mussel, Mytius egulis, from San Francisco Bay,
Calibornia. Mar. Envir. Res. 11:91-110.

Martin, M., K. E. Osbomn, P. Billing, and N. Ghickstain.
1881. Toxic#ties of ten metals lo Crassosirea gigasand
Mytils edulis embryos and Cancer magister larvae.
Mar. Poll. Bull, 12{9}:305-308,

McDonald, J. H., and R. K_Koehn, 1388, The mussels
Mytilus gaifoprovineialis and M. rossuiuson the Pacific
coast ol Nonth America. Mar, Biol. 89:111-118.

Moore, D. R., and D. J. Reish. 1969. Studies on the
Mytilus edulis community in Alamitos Bay, California.-
IV. Seasonal variationin gametes fromditferen regions
in the bay. Veliger 11(3):250-255.

Marris, P.A. 1966, Alield guide 1o Pacific coast shells.
Houghton Miffiin Company, Boston, MA, 297 p.

Mational Research Council, 1980, The international
mussel walch. Nal. Acad, Sci., Washingion, D.C.,
248 p.

Mewell, A. I. E., 1989, Speacies profiles: life histories
and environmenial requirements ol coastal fishes and
invertebrates (Norh and Mid-Atlantic)}—blue mussel.
LS. Fish. Wildl. Serv. Biol. Rep. 82(11.102). U.5.
Armmy Corps Eng., TR EL-B2-4, 25p.

Ocaancgraphc Instdute of Washingion. 1987, Clam
andmussel harvesting industries in Washington State.
Oceanogr. Comm. Wash,, Sealtle, WA, various

Redzh, D.J. 1363, Maszs morality of marine organisms
attriouted 1o the “red tide” in southam Califormia. Call,
Fish Game 49:265-270.

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

18



Blue mussal confinuad

Robers, D. 1976, Mussels and polition. In B, L.
Bayne (editor), Marine mussels: their ecology and
physiology, p. 67-B0, Cambridge Univ. Press,
Cambridge, LK,

Aoss, J. R. P, and D. Goodman. 1974. Verical
intertidal distribution of Mytius edulis. Vieliger 16(4):388-
395.

Seed, R. 1976. Ecology. /n B. L. Bayne (editor),
Marine mussels: their ecology and physiology, p. 13-
65, Cambridge Univ. Press, Cambridge, UK.

Shaw, W. N., T. J. Hasslar. and D. P. Moran. 1988,
Species profiles: lile histories and environmental
requiraments of coastal lishes andinverebrates (Facfic
Southwest)—Calilornia sea mussel and bay mussel.
LIS, Fish Wildl. Serv. Biol. Rep. 82(11.84), U.S. Army
Corps Eng., TR EL-82-4, 16 p.

Skidmore, D., and K. K. Chew. 1985. Mussel
aquaculiure in Pugel Scund. Wash, Sea Grant, Univ.
Wash., Seattle, WA, 57 p.

Stromgren, T., and T. Bongard. 1987. The effect of
tributyllin oxide on growth of Mytilus eguiis. Mar, Poll.
Bull. 18(1):30-31.

Suchanek, T. H. 1978, The ecology of Mytilus adulis
L. in exposed rocky intertidal communities. J. Exp.
Mar. Biol. Ecol. 31:105-120,

Watersiral, P., K. Chew, K. Johnson, and J. H, Beattie.
1980. Mussel culture: a west coast perspective. InR.
A, Lutz [editor), Mussel culiure and harvest: a Morh
American perspective, p. 141-1685, Elsevier Scientific
Publ. Co., Amsterdam, Holland.

18



Crassosirea gigas
Adult

Common Name: Pacilic oystar

Scientific Name: Crassosirea gigas

Other Common Names: Japanese oyster, Miyagl
oyslar, gianl oysler, immigrant oyster, giant Pacific
oysler (Fitch 1953, Gales and Frey 1974, Wolotira et al,
1989)

Classilication (Bernard 1583a)

Phylum: Mollusca

Class: Bivahia

Order: Plericida

Family: Ostreidae

Value

Commercial: The Pacilic oyster is a highly valuable
estuarine species that is culturedin appropriate habitats
all over tha world, including Australia, Japan, Hawaii,
Palau, southwest Europe, and the Pacific coast of
North America (Haro et al. 1981, Lee et al. 1981,
Menzed 1874, Quayle 1988). h was introduced to the
United States from Japan in the early 1900s and has
been cullured ever since (Quayle 1988). In Norh
Amarica, they are harvested from southeast Alaskalo
norhern Baja California, with mosl produced in
Washinglon and southwest British Columbia waters
(Wolotira et al. 1989). Itis Washingion's mast valuable
shellish resource (Pauley et al, 1988). In 1982,
Washinglon alone harvested over 2,700 t of meat,
worlh 320.4 million, and representing over 70% of all
Pacific coast harvests (Cheney and Mumiord 1988).
About hall ol Washington's landings come from Wilkapa
Bay (Hedgpeth and Obrebski 1981, Washington
Department of Fisheries and Washington Depanment
of Ecology 1985). Othar important westem U5, areas
include the southern waters ol Puget Sound, Hood
Canal, Grays Harbor, Tillamook Bay, Yaquina Bay,
Coos Bay, Humboldt Bay, Tomales Bay, Drakes Eslerg,

Bolinas Lagoon, and Morro Bay (Barrett 1963, Paulay
el al. 1988, Wololira f al. 1989). Mearly all Pacific
oysters are cultivaled on "oveter larms” in protecied
coastal estuaries. Since successhul spawning in many
estuaries is erratic, Pacific coast hatcheries have bean
developed o produce spat, which is (hen sold o oysler
growers whouse this 1o “seed” thair oyster beds. Prior
o the davelopment of these hatcheries, all seed was
imported from Japan {Conte and Dupuy 1981, Ricketls
et al, 1985, Pauley et al. 1388). The seed is allowed o
grow, but clusiers may have o be broken up and the
oysters moved 1o fattening grounds before harvest
(Beattie of al. 1381). Pacific oysters are harvested
primarily by hydraulic dredge, tongs, and hand-picking
(Frey 1971, Cheney and Mumilord 1986). Mastoysters
are sold fresh-shucked and frozen, while some are
canned or 508d fresh in the shell, The Japanese have
cultured Pacific oysters for over 300 years, and have
developed numercus ralt, lime, and pole manculiure
methods instead of on-bottom methods used primarily
in the LS. and British Columbia (Bardach ef al, 1872,
Haderlie and Abbotl 1980, Gunn and Saxby 1981,
Paulay o1 al. 1988).

Becreational: 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, with the seascnopen from Seplember
16 1o July 14, excepl lor a couple of slate parks
(Washington Depanmeni ol Fisheries 1888, Wolotira
el al. 1989). Oysters are primarily aken in intertidal
regions 1o depths of <1.6 m (Wolotira el al. 1989),

Indicatorof Environmental Stress: Because ol its relative
hardiness and ability to concentrate contaminales, the
Pacific oyster has been used to indicale waler quakity
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Pacilic oyster continusd

Table 1. Relative abundance of Pacilic oyster
in 32 U.5. Pacific coast estuaries.
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protlems inmany estuanes. For axamphe, antifouling
paints containing copper and Iri-n-butyllincause oyster
shell thickening, aller growth rates, increase oxygen
consumption, and may affect larvae viability (Paul and
Davies 1986, His and Robert 1987, Lawler and Aldrich
1987, Quayle 1888). Presently, many estuarine areas
are closed to oysier culture and harves! because of
bacterial contamination commonly associaled with
urban centars, mannas, and sewage outfalis (Cheney
and Mumford 1986,

Ecological: The Pacilic oysier is the dominant bivalve
Species in many estuaring areas where it is cultured.
Many other “exolic” organims were intreduced in
Pagific coast estuaries akong with Pacific and Virginia
oysters (C. virginica). These exolics include sponges,

enidarians, polychaetes, molluscs, crustaceans, and
bryozoans; many of these inlroduced species are
predators or competitors with native species or are
mariculiure pasts (Smith and Carfton 1975, Ricketts et
al. 1985, Quayle 1388), Pacific oysters appear to
successiully compete with the native oyster (Osfrea
lurida), which is now restricled to typically deep low
salinity areas (Sayce 19786).

Range

Cwarall: The Pacilic oyster is a lemperale spacies that
is now found in southemn Australia 1o New Zealand,
Hawail, Palau, along the Asian coast from China to the
southern Kuril Islands, and the North American coast
from southeast Alaska to norhern Mexico (Morris
1968, Young 1966, Haro et al. 1981, Lee et al. 1981,
Quayle 1988, Wolatira et al. 1988). The Portuguese
oyster (. anguialus), which ranges from Porugal,
Engtand, and southwest Europe, may be the same
species (Menzel 1974, Wolotira ef al. 1389),

Within Study Area: The Pacific oyster is found in most
Pacific coast estuanes from Momo Bay, Calilomia, to
Skagil Bay, Waszhinglon, where esluarine physical
conddions are appropriate and waler poliution is not a
problem (Table 1). Pacific oysters were once cultured
in San Francisco Bay and Ekhorm Slough, Caldomia,
but high pollution levels now make oyslers from these
areas unhaalthy 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. Lale larval
stages are sedentary. Juveniles and adulls are
sedentary and benthic/epibenthic (Quayle 1988).

Habitat

Type: Eggs and larvae are esiuarnina/nernic, occurming
intheupper warmer waters of the water column (Quayle
1988). Juveniles and adulls are found in bays and
estuaries in lower intertidal areas to depths of 7 m
below mean lower low water (Haderse and Abbott
1980).

Subsirale: Firm bottoms appear to be preferred;
however, this species can be found on mud or mud-
sandbottoms. Pacific oysters angusually found attached
10 rocks, debris, or clher oysier shells (Bamelt 1983,
Cuayle 1988).

Ehysical’Chamical Characteristics: The Pacific oysier
is found in mesohaline-euhaling waters (usually 10-
35%.) (Barrell 1963, Barg 1971, Quayla 1988). I
Iolerates air lemperatures o 40 duning low des and
waler lemperatures of 4-36°C (Cuayle 1988, Wololira
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el al. 1989}, and spawns al waler lemperatures of 14-
30°C, but only rarely below 18°C (Haderlie and Abbott
1980). Optimum spawning lempearatlures are probakly
21-23°*C [CQuayle 1988). Larvae can survive waler
lemparaturesol 17.5-35.0°C (Berg 1971), and 15%C for
a shor time (Pauley af al. 1938). Larval setling is bast
at temperatures of 25 fo 30°C, salinities of 19 1o 27k,
and onoystershelis that were first dippedinan aqueous
extract of oystertissue (Carlson 1981, Mell and Holliday
1988). Adulls will continue to teed down 1o 3°C, bul
growih slops when temperaturas drop below 10°C
(Barrett 1963, Quayle 1988). Bastconditions for somatic
growth are 17°C (ranges 15-18°C), salinelies »24%.
(ranges 10-35%.), lood suspensions of 120 mg/ (ranges
24-550 mgf), oxygen levals above T0%, suspendad
sadiments betwean 0.0 and 8.0 mgi, and pH leveals
above 7.8 (Bernard 1983k, Brown and Hartwick 1288a).
Growlh rates correlate prmarily with suspended
pariculate organic material levels and secondarily with
tempeératura, bul are mediated by salinity (Malouf and
Bresse 1977, Brown 1288, Brown and Hartwick 1288b).
Paralytic shellish poisoning can be a problem when
oysters leed on the dinoflageliale Frofogonyaulax
acatangiia, bul they quickly lose their loxicity when the
dinoflagellate bloom is gona. (Haderiie and Abbott
19830, Quayle 1988). Embryos are very sensilive o
zinc and other metals (Boyden et al. 1875).

Migrations and Movameants: Plankionic eggs and larvas
are moved by water currents. Lale-stage larvae seltle

oul of the water column and crawl on the bollom
searching for suilable substrates before finally setting
[(Cuayle 1988). Juveniles and adulls are sedeniary
and usually become firmdy altached to materials onthe
bollom (Quayle 1988).

Reproduction

Mode: The Pacific oyster is gonochoristic [some
hermaphroditism occurs) and a batch spawner,
broadcasting i1s gametes and relying: on external
fertilization (Berg 1969, HaderSe and Abbott 1980).
This speciesis a protandric harmaphrodite, devaloping
first as a mala and later changing to a female (Quayle
1588). Sex appears fo beinfluenced by envirenmendal
conditigns, with some females becoming males when
the tood supply is lkow and males becoming lemales
when food Iz abundant [Cuayle 1988),

Mating/Spawning: Spawning is initiated by a rise in
water lemperatures {usually above 18°C) or by
hormones released from the sperm of other oyslers
(Guayle 1988, Wololira et al. 1989). This species
spawns from June 1o September (primarily July to
August) during high tide (Guayle 1988). Minimum
threshold spawning temperatures are notoften reached
in many Pagific coas! esluaries, or il they are, they do

nol occur annually. Tharelors, spawning ks sporadic or
nonexistent in most estuaries (Span 1978, Rickeatts el
al. 1985, Quayle 1988). In California and other areas,
Facific oysters may spawn bul the larvae may nol
survive (Barg 1971, Hade o and Abbott 1980, Rickells
ol al. 1985). Areas where successiul reproduction
does occur include: Pendrell Sound and the Strail of
Georgia o Tolino Indet onthe west coast of Vancouver
leland, Dabob Bay in Hood Canal, Washingten, and
occasionally inWillapa Bay, Washington (Cuayle 1988,
Wolotira ef al. 1983). Eggs are not released into the
axhalant siphon like mamy oiher bivaives, butdischarged
into the suprabranchial chambers, passed through the
gills Imto the manile chamber, and then expalled by
contraction of the adductor mussel, Eggs may travel
30 cm or more when discharged. Females release
eggs 2-10 times'minute, while the makes release a
continugus stream of sperm through their exhalant
siphons (Quayle 1988).

Escundity: Fecundity ranges from 10 million 1o 200
million eggs per female, with fecundity incraasing with
age (Frey 1971, Wolotira et al. 1983). The average
market-sized oyster produces 50-100 milion eggs/
year {Quayle 1988). Individuals may spawn repeatedly
during a spawning season (Hadedie and Abbaott 1380,
Quayle 1988),

Growth and Developmant

Egg Size and Embryonic Developmenl: Eggs are
sphencal and 0.05 mm in diameter (Quayle 1588).
Embryonic development is indirect and extermal.

Age and Size of Larvas: Ferilized eggs develop inlo
vakgeriarvaein 24-48 hours depending ontemperature
{Cahn 1350, Quayla 1988). Larvas are free-swirnming
for 2-4 weaks depending onlemperalune (Haderlie and
Abbatt 1980, Strathmann et al, 1987). Then they setile
on to substrales and metamorphose inlo spal (Cuayle
1288). Larvae range in size from 0.06 to 0.32 mm
(Walctira el al. 1289); they are 0.27-0.31 mm leng af
seltierngnt (Strathmann el al. 1987). They will grow
from 0.075 mm o about 0.3 mm in about a month at 18
to 24°C (Cuayle 1588).

Juvenile Size Hanga: Juvenile sizes range Trom about
0.30 mm to 40.0 mm. Size depends on tidal haight,
area of settbermnand, and other faciors (Duayle 1288).

Age and Size of Adulls: The Pacific oysier may malure
in 1 year and may be as small as 30 mm shell lengih
(Wodotira et al. 1889). Adults grow to 10-12 cm (market
siza) in 210 3vearsin California’s watars, bul may grow
for 20 years or more (Haderlie and Abbott 1880). In
Cregon and soulhern Washington, 2-4 years are
required 1o grow 1o market siza; 4-6 years’ growth is
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required in northern Washington, British Columbia,
and Alaska (Pauley ef al. 1988). This species may
grow to 254 cm in shell length, bul most are 10.2-12.7
cm (Pauley et al. 1988). Shell growth and shape are
highly variable, depanding on tempearature, lood supply,
culiure method, and sther factors (Cahn 1950, Cuayle
1588).

Food and Feeding

Trophic Mode: Juveniles and adults are detritivores,
nannoplanktivores, and suspension leeders (Haderle
and Abbott 1980, Quayle 1588). Food is taken in the
inhalant siphon, filtered and collected by mucus onthe
gills, sorted onihe palps, and transterred to the mouth,

Eood liems: Larvae feed on naked flagellates (Berg
1971).  Juveniles and adulls eat primarily
nannoplankion, such as bactena, dinoflageliates,
Ilageiiates, dialoms, and algaland inverebrate gamates
{Barrett 1963, Quayle 1388). They alsoconsumeplan
and animal detritus, but the importance of this material
1o their diet is unknown (Barrett 1963, Quayle 1988).

Biological Interactions

Predation: Larvae are eaten by numercus predators
including: Tintinnidae and other ciliales, clenophores,
jellytish (Aureliz aunta and Chrysaora melanasten,
oysters, barnacles, Pacific herring (Clupea pallas),
and smell (Berg 1971). The introduced flatworm
(Pseudosiylochus ostreophagus) can be a major
predator of oyster spat (Quayle 1938). Predators ol
juveniles and adults include crabs (C. magister, C
productus, and C. graciis), oyster drlls (Ceratostoma
inornatum and Uresalping cinerea), stadish ( Pisaster
echraceus, P. bravispinus, Evasterias troschelii, and
Pyenopodia helianthoides), and ducks (Aythya alfinis),
and surd and white winged scolers (Malianifa =pp.).
Imporiant fish predators of juvenile and adult oystersin
Califarnia include the bat ray (Myliobatis calfornica)
and angel shark | Squaiing calfornica) (Haderlie and
Abbolt 1980, Ricketts et al. 1985).

Eactors Influencing Populations: Probably the mosit
imporiant lactor limiting Pacilic oyster populations on
the Pacilic coast is low water lemperalures which
inhibit spawning. In areas where they do spawn,
Pacific oyster larvae often do not survive and set,
except in a lew warmbays whencondiions areoptimal.
Madality of larvae may be due to low lemperatures,
gxcessive turbidity, lack of food, toxins from
dinofiageiiale blooms, predation, and bactenal or fungal
diseases (Berg 1971). Juveniles may be killed by
abrupt changes in salinity and temperature. Adulls and
juvenile populations are affected by storms and
associated waves that can displace individuals and
bury them in sediments (Cheney and Mumiard 1986).

Sihation and increased trbidiies of oysier beds
resulting from logging, upland alterations, and natural
causes can resull in high moralities {Pauley et al
1988, Quayle 1988). Innorthem laliudes, ice canpush
them info sediments. In areas of high population
dansities, food may be a limiting factor (Fauley & al.
1288). Diseases, algalblooms that inhibit feeding. bay
ghost shrimp (Calfanassa californdensis), and blue
e shrimp | Uipogebia pugeliensis) can also reduce
population sizes. In the 18605 and 19705, mass
moralities of older {>2 years old) Pacific oysters
occurred in Washington and California during lale
summer when waler lemperatures approached or
exceaded 20°C. The cause of this mortalily was never
posilively identified, but infection by Vibrio spp. and
variability in the oysiers carbohydrale cycle were
implicaled (Beattie @t al. 1981, Elston et al. 1987,
Pauley #f al. 1988). However, environmenial stresses
such as prolonged air exposure limes, warm
lempaiatures, and dinoilagefiate blooms may have
promated morality of already stressed oysiers (Pauley
al al. 1888). Oither esluaring species reduce Pacilic
oyster growih or indirecily affect oyster viabilily. Muod
and ghost shrimp cause senous damage lo oysler
beds by making grounds too soft for cullure or by
smotharning them. This has required the controversial
use ol the inseclicide SEVIMN (carbaryl) 1o reduce
shrnimp populations [Washington Depanmeani of
Fisherigs and Washington Departmant of Ecokogy 1983,
Quayle 1988), Other harmiul organisms include
prolozoa, bacterial diseases, sponges, fatworms,
polychaetes, and a parasitic copepod (Mytilicola
arienfalis) (Dungan and Elsion 1988, Quayle 1988).
Fouling organisms such as mussels, tunicales, algae,
sponges, anemones, hydroids, and bryozcans may
compete with oysters for food, reduce oyster growth
rates, and aflect spal settlemant (Cuayle 1988). The
Pacific oyster's chiel enemy is man, who by dredging
aciivities and pollution, reduces areas where viable
oysler production canocour (Wallace 1966, Ricketiz et
al, 1885). For example, sulfite liquor etfivent from pulp
mills in the Pacific Monhwest appears 1o aflect survival
andgrowthol alloysier life stages (Cheney and Mumiond
1986). Becauseof poliution, many bays and estuaries
once used for oyslenng are now closed or restricied
(Gunn and Saxby 1981, Qualman 1981, Cheney and
Mumiford 1986).
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Horseneck gaper

Tresus capax
Adult

Common Name: horsenech gaper

Scientilic Mame: Tresus capax

Other Common Mames: Alaskan gaper, lat gaper,
biue clam, empare clam, gaper, gaper clam, gréyneck
clam, horsaneck clam, horse clam, bigneck clam, giant
rockdweller, butter clam, money shell, giant saxidome
(Morris 1966, Gates and Frey 1971, Hadedie and
Abboll 1980, Wolctira et al. 1989)

Classification (Bernard 1983a)

Phylum: Mollusca

Class: Bivalvia

Order: Venercida

Famiy: Mactridae

Value

Commercial: This species andthe Pacific gaper { Trasus
nutially) are harvested commercially from northern
Calitornia to Briish Columbia (landings are not
separated by specses) (Wololira et al. 1989). It staken
both sublidally and intertidally using hydraulic pumps,
mechanical dredges, polato fosks, shovets, and clam
rakes (Frey 1971, Wolotira et al. 1989). Recent harvests
have averaged aboul 225 t annually, placing ihem fifth
in volume lor the entine LJ.S. and Canada Pacilic coast
clam harvest [Wolotira & al. 1989}, This specias is
taken year-round, bul most are harvested from July o
Dacemberin British Columibia and Cregon (Wolotira et
al. 1989). Althoughithe harseneck gaper is alargaclam
that provides excellent meal lor chowder or clam
sleaks, if is not often sold Iresh. Instead, i is usually
canned because il has a fragile shell that breaks easily
and its valves gape, reducing shell life and allowing
waler loss. Also, a tough outer covering on its neck
increases processing/packaging time and meat yield
during processing is low (25-30% of lotal body weight)
(Quayle and Bourne 1972, Ricketts et al. 1985, Wolotira

ef al. 1983).

Becreglional: The horseneck gaper is harvested
recreationally frem Humboldt Bay, Calilornia, to Puget
Sound, Washingion (Machell and DeMartini 1971,
Wolotira ef al. 1989). No more than 10vday can be
laken in California (Rickelts of al. 1985),12/day in
Oregon (Oregon Depariment of Fish and Wildlite 1978),
and 7/day in Washington (Washington Depaniment of
Fisheries 1886). It is harvested primarily by hand
{using shovels, rakes, elc.) during low tides.

Indicator of Envirgnmental Stress: Clam beds are
sometimes closed o harvest because ol parahiic
shellfish poisoning or coliform bacterial comamination.
Az aresull of pollutionin Washington walers, over 253
ol the polential areas for sublidal hardshell clam
harvesting are closed (Schink ef al. 1983),

Ecological: The horseneck gaper i olten the largest
subtidal and interiidal suspensionfdifter feading brvalve
in many Pacific coast estuaries (Hancock ei al. 1979).

Hange

Drwarall: This species’ overall rangea is from Monlarey,
Calitornia, 1o Kodiak, Alaska and the mouth of Prince
Willlam Scund, Alazka. I B uncommon south of
Humboldt Bay, where it is replaced by T. nultaliy
(Bemard 1983a, Rudy and Rudy 1983, Wolatira et al
1883).

Wilhin Study Areg: The horseneck gaper is found from
Humbold! Bay to Pugel Sound, reaching highast
abundances in Coos and Siuslaw Bays, Oregon (T able
1). iz rare from Humboldt Bay socuthto San Francisco
Bay, Califarnia, and iz nol fournd inany estuanes hurher
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Tabie 1. Relative abundance of horseneck gaper
in 32 U.5, Pacific coast estuaries,
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south than San Francisco Bay, I is nof lound in marny
small estuaries or estuaries with relatively high rver
flows (e.9., Oregon's Columbia, Silelz, and Rogue
Rivers, and Calffornia’s Klamath and Eel Rivars).

Lile Mode

Eggs and larvae are palagk. Juveniles and adults are
benthicinfauna, burrowing inlo sediments o depths <1
m, but usually 25-50 cm (Cheney and Mumiord 1986,
Wolotira et al, 1989),

Habitat

Type: Eggs and larvae are nerlic. Juveniles and adulls
are found primarily in bays and esfuarias, oocurming
from mid-lide levels [+2 m) down (o 30 m below mean
lower low water (MLLW). In Puget Sound and Humboldt
Bay, they are most abundani at depths 1-5 m below

MLLW (Wendell et al. 1976, Goodwin and Shaul 1978,
Cheney and Mumiord 1386),

Substrate: The horseneck gaper is found primarily in
subsirates consisting of shell fragments and dense
sand, as well as sity-sand and gravel (Bourna and
Smath 1972b, Wendedl el al. 1976, Chenay and Mumiord
1986). InHumboldt Bay, clamdensities are groatest in
silty-sand subsirales covered with ealgrass (Fostera
spp.) (Wendell 1973). Sediment struclure afecls

bumowing depth; clams burrow deeper in mud and
sand substratesthan in clay substrates (Oceanographic
Institute of Washington 1981).

aractenstics: Juvenilesand adulls
amhmd hpdyhah&mmwﬂm allemperalures
of 2-20°C (Bernard 1983a). Larvae do nol survive al
20°C [Bourne and Smith 1972a). Optimum conditions
forsomatic growih are 13°C walerlemperalures [range
11-18°C), 28%. salinilies (range 26-31%.), and lood
suspension density of 95 mg/ (range 15-200 mg)
(Bermnard 1983h0).

Migrations and Movements: Eggs and larvae are
dispersed by cuments. Juveniles and aduls do not
move laterally once they become eslablished, Clams
odder than two years (77 mm shell langth) lose the
abiity to reburrow (Wendell el al. 1978).

Reproduction

bode: The horseneck gaper is gonochorishc, Ovipanous,
and Hercparous. s abroadcast spawner, hence eggs
are lerilized externally (Bourne and Smith 1972h).

MatingSpawning: Spawning begins when watérs warm
after the seasonal minimum (Bourne and Smith 1972b,
Cheney and Mumlord 1986}, usually late winlerto early
spring. In British Columbia and Puget Sound, spawning
occurs from February-May, peaking primarily in March
{Baurne and Smith 1972b). In California and Oregon,
spawning occurs from January-March, peaking in
February (Machedl 1968, Machell and DeMarini 1371,
Bread-Willeke and Hancock 1980, Robinson and
Brease 1982). Thie horsenedk gaper may spawn mare
than ance during the spawning season (Boume and
Smith 1872h)

Eecundily: Unknown,

Growth and Development

Egg Size and Embrvonic Development: Eggs are
spharical and 0.06-0.07 mm in diameter (Bourne and
Smith 1872a). Embryonic developmant is indirect and
external; aler lerilization, polar bodies form wilhin 40
minutes, iIrpchophores fomwihin24 hours, and veligers
by 48 hours
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Age and Size of Larvae: Larvae range from 0.06-0.07
mm o 0.28-0.27 mm in dameter (Bourne and Smah
1972a). Metamorphosisio spattakes 24 days a1 15°C,
26 days at 10°C, and 34 days at 5°C (Boumne and Smith
1972a). Larval seftlement occurs primaridy between
early spring and summer.

Juvenile Size Bange: Juveniles range in size from
0.26-0.28 mm to about 70 mm shell iength {Bourne and
Smith 1972a, 1972b). They may grow o254 cm after
1 winler {Quayle and Bourme 1972). Most growth
occurs during the spring and summer when
phyioplankionis abundant (Wendellet al. 1976, Haderke
and Abboft 1980).

Age and Size of Adults: Size appears to determine
maturity; mosi horseneck gapers maiure al about 70
mm shefl length (5L} (Bourne and Smith 1872h), In
British Columbia, this takes four years, but only three
years in California and Oregon (Boume and Smith
1972b, Wendell et al. 1976, Hancock et al. 1979). In
Oregon, subtidal clams between the ages of four and
sgven years grow faster than interidal clams of similar
ages (Hancock et al. 1978), The horseneck gaper can
lve: 1o 16 years and can reach 254 mm SL (Morris 1966,
Bourne and Smith 1872b). The oldest clams found in
Oregon were 10-12 years old (Hancock el al. 1973).

Food and Feeding

Irophic Mode: Juveniles and adults are suspension/
liter feeders (Haderbe and Abbott 1980). Foodpanicles
travel in waler through the inhalam 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 1965).

Eood lams: Juveniles and adults feed on suspended
diatoms, flagellates, dinollagellates, and fine detritus,
including small eelgrass (£, manna) particles {Sioul
1967, Haderlie and Abbaotl 1980).

Biological Interactions

Predation: Eggs and larvae are probably prayed on by
marvy planktivorous organisms. Predators of juveniles
include: worms, snails, crustaceans, and copper rockfish
(Sebasles caurinus) (Wolotira ef al. 1983). Common
predators ol juveniles and adulls include moon snails
{Polinices spp.), Dungeness crab (Cancer magisien,
baitray (Mylobalis calffornica), and sea stars [ Pisasier
spp.) (Hadere and Abbotl 1980).

Eactors Influencing Pogulations: Predation can cause
very high moralities on some clam beds (Haderlie and

Abbolt 1980). High morality of small juvenies is
probably due lo low salinities, lemperalure slress and
predation (Wendell et al. 1976). As they grow,

horseneck gapers burrow deeper, escaping many
physical and biological stressas. Recruitment may be
highly wariabbe on some clam beds, resulting in beds
doménated by only one or iwo age classes (Wendell et
al. 1976, T. Gaumer, Qregon Depantment of Fisheries,
Mewparl, OR, pers. comm.). In general, intertidal
populations of this species are alfected by numerous
altgrations and disturbances, including: sifation, slorms,
freshwater runofl, lloods, ercsion, dredging, and marina
development {Schink et al. 1983). Diseases may also
aflect horsenack gaper populations (Wendell 1973,
Armstrong and Armsirong 1974); it is often infecled
with a haplosporidan parasie (43% in Yaquina Bay,
Crregon) (Armstrong and Armstrong 1974). Two species
of pinnotherid crabs { Pinnica faba and P. liforalis) are
knownto inhabit the mantle cavity of horseneck gapers
(Pearce 1965, Stoul 1967), but apparently cause little
harm 1o the clam (Haderdie and Abbatt 1980).
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Pacific gaper

Tresus nuttallii
Adult
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Common Name: Pacific gaper

Scientific Name: Tresus nuilfail

Other Common Names: Washington clam, big-neck
clam, blue clam, empire clam, gaper clam, great
horseneck clam, oller-shell clam, rubbemeck clam,
symmer clam Wolotira et al. 1289)

Classification (Bernard 1983)

Phylum: Mollusca

Class: Bivalvia

Drder: Veneroida

Family: Macindae

Value

Commearcial: The Pacific gaper is harvested with the
zimilar horsenack clam, Tresus capax. Landings are
nat identified to spacies, but instead reported togather
as*horsaclams”. From 1981-1983, horse clam landings
from the U.S. and Canadian Pacilic coast averaged
aboul 2251 annually, and ranked b in volume of all
clams harvested (Wololira ef al. 1989). Much of the
commercial harvest in Brilish Columbia has been by
gecduck (Panopea abrupla) divers after they have
reached their geoduck quota (Welotia et al. 19849).
The Pacific gaper is relatively large and has many
biological characteristics which discourage
commercializaton, Rburmows deepinto soll sediments,
making hand harvest difficufl. The shells are relatively
Iragele and tend to break; once harvested, the shelis
gape, causing water loss and reducing shell e, Meat
yield per clam s relativedy low, usually <30%, and the
large siphon (often 80% of s shucked weight) has a
tough, leathery skinthat requires extra eflor lo remove
{Quayle and Bourne 1972, Ricketls et al. 1985, Wolatira
et al. 19838). This species is harvested both subtidally
and iMerdidally using hydraulic pumps, mechanical
dredges, potato lorks, shovels, and clam rakes (Frey

1971, Wolotira 21 al. 1983). I is taken year-round, but
mast are harvested from July 1o December in British
Columbia (Wolkotira et al. 1589),

Recrealional: The Pacilic gaper is an imporiant
recreational species in Puget Sound, Washington, and
in Calilornia estuaries, including Humboidl Bay,
Tomales Bay, Bodega Bay, Drakes Estero, Bolinas
Lagoon, Elkhom Slough, and Momo Bay. R is rarely
lound in the estuaries ol coasial Washinglon and
Oregon except for Netans Bay, Oregon, where =50%
of the gapers are T. nuttalli (T. Gaumer, Oregon
Department ol Fish and Wildllile, Newport, OR, pers.
comm.), I i particularly abundant in Tomales Bay
where up to 35,000 have bean taken annually at one
location (Frey 1971). This species is dug at low tide by
hand or with hand tools [Frey 1971). i is cne o the
mast common bay clams along the Calilomia coast.
Mot mare than ten Pacific gapers per porson per day
can be [aken in most areas of California (Schultze
1986). This species is oflen made into chowder (Frey
1971).

Inchcator ol Envirgnmental Siress: Clam beds are
sometimes closed 1o harvest because of paralytic
shellfish poisoning. Other beds are permanently closed
o harvesting because of conlamination by coliform
bacteria. Asaresultof poliution in Washington waters,
over 25% of the potential areas for subtidai clam
harvesting are chosed (Schink et al. 1883). InCaldornia,
clams in estuaries such as San Francisco Bay are not
commonly harvesied because of poliution, Embryos
are good bioassay organisms (Woelke o al. 1971),

Ecological: This species iz a large, subtidal and lower
intertidal suspensionfilter feeding bivalve and is
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Pacific gapar continued

Table 1. Relative abundance of Pacific gaper
in 32 .S, Pacific coast estuaries.
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important in Puget Sound and many Calilomia estuarnies,
bays, and lagoons (Frey 1971). Pea crabs (Pinnica
faba and occasionally P littoraiis) can be lound inthe
Pacific gaper's manile cavity {Ricketts o al. 1985). The
hard, lnathery tips are oflen oovernsd with many differant
species of plants and animals (Haderlie and Abbott
1880). The Pacilic gaper appears 1o harbor pea crabs
only in (he southermn pan of its range (Pearce 1965).
This species is an mtermediate host for the tapeworm,
Ecthensibothrium sp., whose definitive host is the bat
ray | Myliobatis cafifornica) (Haderlie and Abbott 1980).

Range

Dwverall: The Pacific gaper is a temperate, amphi-MNorth
Pacific species (Bernard 1983, Wolotira et al. 1389). In
MNarth America, it is found from Scammaons Lagoon,
Baja Califomnia, to British Columbia (Fitch 1853},

Within Study Area: The Pacific gaper is found in Pacific
coast estuaries from Puget Sound, Washingion, o
Tomales Bay (Table 1). However, il is ranegly found in
the coastal estuaries of Washington and Oregon (excepl
Netaris Bay). and is not commen in mest bays and
lagoans 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 lound 25-50 em deep) (Cheney and Mumicrd
1986, Wolctira &t al. 1989),

Habitat

Type: Eggs andlarvae are neritic. Juveniles and adults
are found primarily in bays and estuanes, bul may akso
oocur in protectad coastal waters (Frey 1371, Wolatira
el al. 18989). Juveniles and adults occur from the lower
intertidal zone o 30 m befow mean lower low waler
(MLLW). InPugetSound, they are most abundant from
1-5 mbelow MLLW (Goodwin and Shaul 1978, Cheney
and Mumlord 1588).

Subsirate: The Pacific gaper is most abundant in
sediments consisting of fine sand or firm sandy mud.
Bunt, itis also foundin redatively firm sediments consisting
of sand, silty-sand, sandy-clay, and gravel (Swan and
Finucane 1951, Bourne and Smith 1972, Cheney and
Mumilord 1886, Waololira e al. 1989). Sediment structura
alfects burrowing depth; clams burrow deeper in mud
and sand subsirates than clay subsirates
{Oceanographic Institute of Washington 1981).

Bhysical'Chemical Characleristics: It occurs in
polyhaling-euhaling walers, and temperatures of 1-
21°C (Bernard 1983). Freezing temperaturas on mud
flats may limi this species’ northemdistribution {Pearce
1965),

Migrations and Movements: Eggs and larvae are
dispersed by currenis. Juveniles and adults do not
move [alerally ance they become established. Small
Pacific gapers have the ability 1o reburrow after being
disturbed, but like T. capax, older, larger clams (>80
mm sheil length) lose the ability 1o reburrow (Pholo
1964, Wendell et al. 1976). However, since most larger
clams live desp within tha sedimant (up 1o 1 m)they are
prodected from most natural disturbances, Peak
seltlernent for spat occurs in May in central California
and probably July in Puget Sound (Woelke etal. 1571,
Clark et al. 1875).

Reproduction

Moda: The Pacific gaper is gonochoristic, oviparous,
and iteroparcus. I is a broadcast spawner; eggs are
fertiized externally (Quayke and Boumne 1972},

n



Pacific gaper conlinued

Maling/Spawning: Spawning occurs year-round,
depending on geographical location. Spawningocours
during summer in nomhem regions such as Brilish
Columbia and Puget Sound (Quayle and Bourne 1972,
Cheney and Mumford 1988}, Spawning occurs from
spring 1o fall for much of California (Frey 1871), and
year-round in central California, with a peak from
February o Aprilwhentemperatures are lowest (Laurant
1871, Clark & al, 1975, Hadarlia and Abboll 1980,
Ricketts ol al. 1885). The wide daily waler temperature
fluctuations In central Calfomnia may explain the
cocurrence of year-round spawning [Clark et al, 1975).

Eepundity: Unknown.

Growth and Development

Eog Size and Embrvonic Development: Egg size is
unknown, however, embryonic development is indirect
and external (Wolotira et al. 1989).

Age and Size of Larvae: Larvae are probably 0.06-0.28
mm in diameter (Bourne and Smith 1872). In Elkhom
Slough, California, the duration of the larval stage is
estimated 1o be 21-30 days (Clark et al. 1975). Spat
require ten days to grow 1o 2 mm, and 25 days 10 grow
1o 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
mimvday (Frey 1971, Bourne and Smith 1972, Haderlie
and Abbolt 1980), One-yvear-old clams average S0 mm
in shell lenglh {Clark et al. 1975, Hadedie and Abbolt
1980).

Age and Size of Agults: This species malures in about
two yvears and betwaen 51.0-70.0 mwm zhell lenglh
(Frey 1971, Clark el al. 1975, Haderlie and Abboll
1980). The Pacilic gaper may lve lo 17 years, with a
shell length as greal as 200 mm [Frey 1971, Wolstira
et al. 1989).

Food and Feading

Trophichlode: This speciesis a suspensionfilterieeder.
Food paniclas are transpored via the inhalant siphon
and are fitered trom the water by the gills, soned by the
paips, and passed o the mouth.

Food ltems: Food itemns include suspended dialoms,
flagelates, dinoflagaliates, and delrtus. Detnius may
include parlicles of eelgrass (Zoslera mavina) (Stout
1967, Haderlie and Abboll 1980).

Blologlcal Imeractions

Predation: Predators include these that pray on T.
capax, espechally worms, snails, crustaceans, lish, and
mammals. Commen predators include moon snails

{Poknices spp.}, Dungeness crab | Cancer magister),
bat ray {Myliobatus californica), leopard shark { Triakis
semifasciata), stamy flounder (Platichihys steliatus),
sea stars (Pisaster spp.). and sea oflers (Enhpdra
iutris) (Talem 1976, Haderlie and Abbolt 1380, Kvilek
el al. 1388). Many plankiivorous organisms pray on
Pacific gaper eggs and larvas

Eactors Influencing Populations: Sea otters prefer fo
leed in areas where Pacilic gaper densities are high

and composed ol small individuals unable to burrow
deeply because ol sediment characleristics (Kvitek et
al. 1888); large Pacilic gapers in scft sediments are
resistant 1o sea ofter predation. The Pacific gaper may
compete wilh T, capax, however T. capax s more
commaon in gravel-shell soils whereas T. nulialii is
mare common in pure sand substrates (Swan and
Finucane 1951, Quayle and Bourne 1972, Wolatira el
al. 1989). The Pacitic gaper also burrows deeper than
T. capax andihus avoids lemporary freazing conditions
{Cuayle and Bourna 1972, Haderlie and Abbott 1980).
Mo information is available concerning mortality rates,
but very high moralty rates probably ocour during
larval and early juvenile stages. becoming kbwer as
clams mature (Wololira et al. 18859), Annual juvenile
recruitment varies widely and probably has a major
affect on the population stnucture (Clark et al. 1975).
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California jackknife clam

Tagelus californianus
Adult

Lem

|

Common Name: California jackknite clam

Sclenlific Mame: Tagelus californianus

Other Common Names: California shor razor, shor
razorclam, jackknideclam, razor clam {Gates and Frey
1974)

Classification (Bermard 1983)

Phylum: Mollusca

Class: Bivalvia

Order: Venercida

Family: Psammobildas

Value

Commercial: This species is commercially dug lor use
as fish bait (Fitch 1953). Harvest began in 1962 and
dunng the mid-1970s harvests averaged aboul Bthyear
(Wolatira et al. 1983),

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

Indicator of Environmental Stregs: High temperatures
(e.g., thermal elfivent trom power planis) can adversely
aflect populations (Merino 1981),

Ecological: The California jackknite clam is a numerically
imporiant bivaklve species in southern Calilomia bays
and kagoons.,

Range

Qwerall: This species’ overall range is from Cape San
Lucas, Baja California to Cape Blanco, Oregon (Fitch
1953, Meinkoth 1981, Waolotira et al. 1989). Its recorded
presence ol Panamais probabiy not accurate (Woltira
el al, 1989,

Within Stuedy Areg: It i comman o abundan from

Tijuana estuary 1o Mormo Bay, Calilomnia; it is not
commeon nonh of Monterey Bay, California (Table 1)
{Fitch 1953, Haderlie and Abbott 1880, Seapy 1981).

Lie Mode

Eggs and larvae are planktonis. Juveniles and aduls
are benthic infauna of bays, estuaries, or lagoons.
Juvenies and adults live in a permansnt, NONMLUCoWs-
lined, vertical burrow 10-50 cm deep inwhich they can
readily move up and down [Fiich 1953, Meinkoth
1981),

Habitat

Type: Eggs and larvae are estuarine-neritic. Adults
and juveniles are common near mean low ke where
sadiments are appropriale (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 Carllon
1975, Meinkoth 1981). This species réporiedly otcurs
from +0.2 to -0.5 m mean fide level [Wolotira &t al
1989), but does not occur above mean sea level in San
Diego Bay (Merino 1281). The bays and lagoons this
species inhabils are euhaline on an annual basis. In
low intedidal subsirales, it is commonly associated
with the rosy jackknile [Solen rosaceus) (Mering 1981)

Substrate: The California [ackknile clam prelers
sadiments having some sills and clays (2-15%), and
cannot burrow into sediments that are composed
primarily of sand (Menno 1581).

PhysicaliChemical Characlerstics: This species is
found in meschaling-euhakng waters where waler
temperatures range from 9 o 30°C (Bernard 1983).
Temperatures 235°C cause adult morality. In San
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Table 1. Relative abundance of California
jackknife clam in 32 U.S. Pacific coast
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Diego Bay, the clam's upper lethal tolerance limit
(LTS0) was 35.5°C in December and 37.6°C in May
(Merino 1881). Smaller sizes (23-46 mm) are moare
resistant to elevated temperatures (Merino 1981).

Migratons and Movemenls: Eggs and larvae are
dispersed by currents, Juveniles and adults migrate up
and down in their burrow as the tide rises and falis
(M einduoth 19871} and wall rapiclly descand inthes burrows
when disturbed

Reproduction

Mode: This species is gonochoristic, oviparous, and
deroparous. It is a broadcast spawner; eggs are
lertilized 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
setilement of young, a peak spawning probably occurs
in aarly spring (May-June recruitment), with soma
spawning occurring year-round (Merino 1981).

Eecundity: Unknown.

Growih and Development

i s Unkreowm, bt
embryonic development is probably indirect and
exfemal

Age and Size of Larvae: Unknown.

' : The stout tagelus (Tagelus
plabius) Is a congener, and has spat that setile oul of
the water column at 155-175 um in shell length (SL)
(Merino 1981), Clams average about 46 mm SL al 2.5
years (Merino 1981},

: The California jackknita reaches
malurity between 60 and 120 mm SL (Merino 1981).
Age and growthofthis spacies has notbeandatermined,
but # appears to reach reproductive size in 2-3 years
(Merino 1981). Ulimate age isunknown. Clamsin San
Diego Bay average 72mm SL and appearto be 5 years
old {Merino 1981).

Food and Feeding

Inophic Mode: This species s a suspension leeder,
althoughoriginally it was thoughtto be a deposil feeder
{Pohilo 1966, Haderie and Abbott 1880). When leading,
it is located about 10 cm bedow the subsiralum suriace
and extends its two siphons imo the water through
separate openings (Haderle and Abbott 1980). The
siphon openings lay al the sediment-water interlace.

Food ltems: The California jackknife clam feeds on
phytoplankion, probably including diatoms,
dinoflagellates, and other types of phytoplankton. Its
diel may inchude suspendad detrital particles and their
associated epilauna (Wolstira et al. 1989).

Biological Interactions

Predation: Larvae probably are eaten by plankivorous
fishes and inveriebrates. Mewly-satlled individuals
and juveniles are saten by numenous fishes, including
diamond turbotl (Hypsopseitta guiivlala) (Lane 1975),
stingrays (Dasyatis spp.). and other rays. Birds such
as slits (Himantopus spp.), godwils (Limosa spp.),
curlews ( Numenius spp.), and dowitchers
{Limnodromus spp.), also pray on the Calilornia
jackiknile clam (Mering 1981).
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: Population densities

are influenced by tidal elevation, water temperature,

sedimenl charactenstics, recruitment, and mortakity.

There are no indications that populations are conlrolled
by density-dependent imleractions (Mernino 1581).
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Pacific littleneck clam

Protothaca staminea
Adult

2cm

Common Name: Pacific lftleneck clam

Scientific Hame: Profothaca slamines

Other Common Names: Tomales Bay cockle, commaon
littleneck, litleneck clam, ribbed carpet shell, common
Pacific kilensck, native itilenack, rock cockle, hardshell,
rock clam, steamer, bulter clam (Fitch 1953, Gales and
Frey 1974, Hancock et al. 1973)

Classification (Bernard 1983a)

Phylurm: Modiusca

Class: Bivalvia

Order: Veneroida

Family: Veneridae

Value

Commercial: The Pacific lttleneck clam is usually sold
ireshinthe shell (Welotira et al. 1989), but it is also sold
frozen and canned (Paul and Feder 1976). It is
harvesied using rakes, shovels, and by mechanical
and hydraulic devices (Frey 1971, Schink et al. 1983,
Cheney and Mumbord 1986). Harvesied from Prince
William Sound, Alaska 1o southern California, this
species constitules aboul B3 ol tha entire clam harvest
along the Pacific coast ol the United States and Canada
{Wolctira et al. 19893). Most of this harves! comes from
Washinglon and British Columbia. Most Pacific coasl
walers are open year-round, but California walers are
closediolittlensck harvest rom Aprilio August in Marin
County and from May to August for much of northern
Califormia (Schultze 1986). Because California
commercial clammers are allowed only 50 clams/day
over 3. 8cmdiamater, tha Calilormia commercial harvest
is imited. New aquaculture programs may increase
the production and harvest of this species.

Becreationgl: The Pacific littleneck clam is highly
esteamed for its good taste and ease ol capture (Fitch

1953). In California, up 1o 50 clams/day over 3.8 cmin
diameler are allowed (California Depanment ol Fish
and Game 1387), while Oregon mis recreational
harvest 1o only 36:day. The Washinglon linit varies
depending on the area (60/day or 10 Ib, 40/day or 7 b,
5 Iiday) (Washington Depaniment of Fisheries 1986)

Clam diggers usually harvest this species at low tide
during daylight using rakes, trowels, and shavels (Fray
1971).

Indicator ol Envirenmantal Siress: Habital alterations
(water pollution, marnina construction, loss of habital,
elc.) directly affect the abundance of this species.
Paralytic shelifish poisoning often closes clam beds to
harvest for temporary periods and contamination by
colidform baclena has permanently closed many areas
(Cheney and Mumford 1986). Commercial landings
from the U.S. Pacific Northwes! (excluding Alaska)
have decreased in recenl years, while eflord has
increasad (Chew and Ma 1887}, This species is highly
sensitive to coppear and tri-n-butyltin (a paint additive}
(Roesijadi 1980). Crude oil reduces this species’
growih rale, bul does nol appear o be highly toxic.
However, the addition of oil dispersants can alter clam
behavior deleteriously (Chew and Ma 1987).

Ecological: This species is comman 1o highly abundant
in many Pacific coast estuaries (Table 1). It is an
important suspension leader along protected gravel-
mud beaches (Wololira et al. 1989) and the mast
important lower intertidal clam in Puget Sound (Koziofl
1983).

Range
Dyerall: This species may be disiributed from Socomro
Island, Maxico, around the North Pacific im to the
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Table 1. Relative abundance of Pacific littleneck
clam in 32 U.5. Pacific coast estuanes.
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northemn Sea of Japan (Wolotira el al. 1983). However,
mas! authors show Hdistributed from Cape San Lucas,
Baja Calilornia, to the Aleutian Islands, Alaska (Fitch
1953, Schink e al. 1983, Cheney and Mumiord 1986).

Within Study Arga: It is found in most Pacilic coast
esiuanes where appropriale substrales and salinities
axist. Itis not found in the Columbia, Siletz, Umpqua,
and Rogue River estuaries of Oregon, or the Klamath,
and Eed River estuaries in California (Table 1) (Monaco
et al. 19380).

Lile Mode

Eqgs and larvae are pelagic, while very small clams are
epifaunal (Paul and Feder 1873). Juveniles and adulls
are benthic infauna and found in the upper 15-20cmal
sedimenis (rarely deeper than 57 cm), Larger

individuals are often found deeper than smaler ones
{Fitch 1953, Quayle and Bourne 1872, Paul and Feder
1973, Abbolt 1974, Meinkoth 1981, Wolotira et al.
1989).

Habitat

Type: Eggs and larvae are estuarine-neritic. Adults
and juveniles are found incoarse, sandy-rocky muds of
bays, sloughs, and estuaries, and on tha open coast
where there is appropriate substrate and prolection
(Fitch 1953). It is oftén associated with butter clams
(Saxidomus giganteus) (Paul and Feder 1976). The
Pacific Mtilonack clam is found inkerdidally downilo 37 m
{usually <10 m), but normally from -1.010 1.3 m mean
lower low water (MLLW) (Chew and Ma 1887). Il is
most abundam from the lower intertidal zone to 0.4 m
ahove MLLW (Goodwin and Shaul 1978, Bernard
1983a, Wolotira et al. 1289).

Substrate: The Pacific litleneck clam prefers firm,
gravelor clay-gravel sediments, butoccurs in sediments
ranging from mud lo 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 reets or under large rocks (Fitch 1953).

EhysicalChemical Characlerislics: It is found in
masohaling 10 euhaline waters and lemperatures of
just balow freazing 1o 25°C (Glude 1978, Bernard
1883a). Water lempavalures above 25°C are lethal to
larvae, and they can withstand 20°C only when salinity
is mear 32%. (Strathmann et al. 1987). This species
may folerale salinities as low as 20%. lor extended
penods (Cuayle and Boumne 1972); however, il closes
ils shell af very low salinities. Oplimum conditions for
growth appearto be 12-18°C, 24-31%. salinty, and 15-
150 mg/l suspended food particles (Bemard 18830},
Also, areas near strong tidal currenls may enhance
growth (Chew and Ma 1987). Burial by decomposing
bark has been shown 1o reduce survival (Bkely due o
glevaled levals of hydrogen sullide and ammania along
with decreases in dissotved oxygen) (Freese and O'Clair
1987). High wrbidities (=2 g/l) may reduce larval
survival (Glude 1978).

Migration and Movemenls: Eggs and larvae are pelagic
and dispersed by water currents. Veliger larvae move

to the bottom alter developing a fool. Herelhey search
for an appropriale surface on which 1o seftle, then
undergo metamorphosis, and attachthemselvesiothe
sediment surface by secreling 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
and remaininthe samerarea for life, buta small juvenile
clam can use ils fool 1o crawd 1o new areas (Shaw
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1986). Adults and juveniles can reburrow if they have
been disturbed (Cuayle and Bourme 1372).

Reproduction

Mode: The Pacific litleneck clam is gonochonstic
{alihough some hermaphrodiism ooours), oviparous,
iteroparous, and a broadcas! spawner; eggs are
ferilized extemally (Fraserand Smith 1328, Frey 1871).
Females may spawn several Eimes during a season
{CQuayle and Boune 1972).

Mating'Spawning: Spawning occurs during spring and
summer depending antharegion: from March 1o August
and somatimas later in Oregon estuaries {Robinson
and Breese 1382); April 1o Seplember im British
Columibia; lafe spring 1o summer (Apal-July) in Puget
Sound; late May to mid-June in Prince William Sound,
Alaska (Fraser and Smith 1928, Haderke and Abbott
1580, Cheney and Mumiord 1986, Strathmann et al.
1887, Wololira el al, 198%), It spawns at lemperatures
of 5.6-13.6%C in Prince Wilkam Sound (Wolotira et al.
15683), and begins spawning in south-central Alaska
when water lemperatures are aboul 8°C (Chew and
Ma 1387). Dense algal suspensions may stimulate
spawning (Robinson and Breese 1382). Opbimum
lemperatures for rearing are 15-20°C (Sirathmann et
al. 1987).

Eacundily: Unknown,

Growth and Development

Egg Size and Embryonic Development: Eggs are
spherical and 0.06 mm in diameter (Waolotira 1 al.
1989). Embryonicdevekopment isindirect and external.
Fertilized eggs hatch to become free-swimming
trochophare larvae in 10-12 hours; these transform
intoweligerkarvae approximalely 24 hours later [Quayle
and Boume 1972, Schink et al 1383, Chew and Ma
1887).

: Larvae range trom 0.06-0.25
mm leng (Quayle and Bouwrne 1972, Woldlira et al,
1989). The larval period lasts aboul three weeks, but
may be longer depending on water lemperatures
{Cuayle and Bourne 1972, Chenay and Mumiord 1586).

Juvenile Size Range: At settlement, juveniles are 0.26-
0.2 mm in shell length {SL) (Quaylke and Bourne
1972) and grow 1o 15-35 mm 3L belore maturity.
iGrowih vares depending on the region. In Princa
Wilkam Sound, clams are 2 mm SL at the end of the first
growing season (Paul and Feder 1973),

Age and Size of Adulls: This speciesis usually sexuabhy
mature after 1.5 years (and at 15-35 mm 3L}, but this
depends upon location (Paul and Feder 1976, Rickells

et al.. 1985, Cheney and Mumford 1986). British
Columbia and Alaska clams are often nod maturé wnlil
iheir second or third year (Fraser and Smith 1528,
Quayie 1943, Nickerson 1877). This spedies may live
13-16 years (Fraser and Smith 1928, Abbolt 1974,
Chew and Ma 1987). In Caklornia, many die belore
reaching sexual matunily and rarely do they reach 7
years old (Schmidl and Warme 1963). Maximum size
is about B em 3L [{Cuayle and Bourne 1372,
Cceanographic Institule of Washinglon 1981). Growth
rates vary widely, depending on subsirale, clam
densities, tidal level, and geographic location (Chew
and Ma 1587). For exampla, thay may grow to 37 mm
5L in 3.5-4 years in tha Strait of Georgia (Cheney and
Mumfbord 1986), and fake 6-8 years 10 reach 32 mm SL
in Alaska (Paul and Feder 1873, 1976, Ricketts et al.
1883).

Food and Feeding

Irophic Mode: The Pacific litfleneck clam is a
nonselective suspensionilter leeder. It gathers food
by sucking in waler and food paricles through the
inhalant siphan. Particles are then fiered through (he
gills [ctenidia), and sored by the palps belore belng
brought 1o the mouth (Wolotira et al. 1989).

Food Hems: Larvae, juveniles, and adulls feed on
phyloplankion, benthic dialoms, and defritus. The role
of detritus in its diet is not well understood, but thought
io be imporiant (Paterson 1982, Chew and Ma 1987,
Wololira el al. 1989).

Blological Interactions

Predation: iImportant predators of the Pacific ittleneack
clam include: oyster drills (Ceralosiorma spp. and
Uirosalpinx spp.), moon snalls (Polinices spp.), and
othargastropods, sea slars | Pyencpodia hev¥anifhioides,
Evasterias troschell, and Pisaster brevispinis), two-
spoited oclopus (Oclopus bimaculatus), rock crabs
(Cancerspp.), and ishes (Chewand Ma 1587, Walslira
et al. 1989). Rock crabs have the ability lo identily
foraging areas with high [fileneck clam densifies
{Boulding and Hay 1984). In Califorialagoons, siphons
are nipped off by Pacific staghom sculpin (Leplocatius
armalus), diamond wrbol ( Hypsopsaelta gultulala), and
California halibut { Paralichthys californicus) | Peterson
and Quammen 1982). Sea otters (Enhydra iuiris) are
major predatorsin Prince William Sound, Alaska (Chew
and Ma 1987), and the Pacific Mileneck clam is also
eaten by ducks and other binds (Schink et al. 1283,
Chenay and Mumicrd 1386).

Eaciors |nfivencing Populalions: Recruitment (Le.,
survival of the seltling spal) is highly varable and is a
dominant factor determining population size (Paul and
Feder 1973, 1976). Many emvironmental conditions
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affect successful seftlement, such as lemperaure,
adequate food supply, predation, currents, beach
lopography. and appropriate substrate (Paul and Feder
1973, Peterson 1982). High siltation caused by upland
developmen! and construction of marinas can cause
problems (Schink et al. 1983). Dredging has been
shown 1o aflect sublidal populations. For example,
mechanical clam harvesters may adversely atfect
populations by suspending and depositing fine
sediments that can smother clams (Schink ef al. 1983}
Similarty, severe weather often affects intertidal
papulations by producing high freshwater run-off that
kills clams by coverning them with sediment or washing
away sediments and exposing them [Cheney and
Mumford 1986). “Winter kifls" caused by low salinities,
low lemperatures, and microbial diseases may occur in
northern latitudes (Schink et al. 1883, Cheney and
Mumtord 1988).
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Venerupis japonica
Adult

Common Name: Manila clam

Sclentific Name: Venerupis japonica

Other Common Names: Japanese cockle, Japanese
listleneck, Manila cochle, Manila lifleneck, Philippine
cockle, sleamer, asari (in Japan) (Cahn 1951, Chew
1989)

Classification (Bemard 1983a)

Phylum: Mollusca

Clazs: Bivalvia

Order: Veneroida

Family: Venaridag

Value

Commercial: The Manila clam iz the second-most
important commercial clam species on the Pacilic
coast ol Morth Amarica. I is primanly sold as a Iresh
product. About 500 t have been landed annually in
Washinglon since 1975 (Schink et al. 1983, Chew
1989). Prasantly, only a limited commercial Manila
clam harvest exists in California or Oregon. Mearly all
Pacific coast commercial harvest of this species comes
trom Washington and British Columbia. In Washington,
it &5 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 royally of “slumpage
lee” according fto the weight landed (Chew 1983).
Harvest of this species is ollen aligned with oyster
growers, who also parficipate in a Manila clam fishery
(Chew 1983). Minimum commercial size is 38 mm
shell length (SL) (Frey 1971, Wolotira et al. 1989).
Because of sinong marked demands and good biclogical
attributes, aquaculture ol this species has been initiated
(Anderson al al. 1382},

Hecreational: This species is highly prized by

recrealional diggers becauwse of its good 1aste and
ease of caplure [(Chew 1283}, I is one of the mos!
imporant recreationally dug clams onthe Pacificcoast
{Waolotira et al. 1989). Clammaers harves! Manila ciams
year-round during low tide periods by hand or using a
fork, pick, rake, shoved, or garden troweld (Fray 1971,
Waolotira et al. 1989). I1is so heavily harvested in some
areas ol Puget Sound, Washington, that it has been
almost eliminated (Williams 1980a). Sport harvesting
of this species does oocur in San Francisco Bay,
Calilomia, despite (ha possibilty of harvesting clams
comaminated by urban wastes and the lack of official
authaorization (Michols and Pamatmat 1588).

Indicator of Environmental Strass: The Manila clam is
highty tolesant of pollution (Fitch 1853) and # may
accumulate large amounts of pollutants that are harmiul
fo humans. Hence, many walers are closed 1o the
harvest of this species dus to urban waste waler and
indusirial contamination {primarily coldorm bacteria).
Only recenily have limiled areas in 3an Francisco Bay
been open for Manila clam harvest.

Ecological The Manila clamwas introduced accidentally
o the Pacific coast of North America probably around
the 1830s with Pacific oysters (Crassostrea gigas)
imparted from Japan. i was first reported from British
Columbia in 1836 (Quayle 1938). Nis ollenone ol the
mast abundant bivalves in estuanng intertidal habitats,
and the dominant inleridal bivalve in San Francisco
Bay (Frey 1971). Because iz prefermed destribution is
i the upper tidal zone, A B not believed to have
displaced any native species (Bourna 1982). The
Manila clam often occurs with Pacific littleneck clam
{Protothaca stamingg), butter clam (Saxidomus
gigamteus), softshell (Mya arenaria), Macoma spp.
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Table 1. Relative abundance of Manila clam
in 32 .S, Paciic coasl estuaries.
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clams, and olher estuaring infauna (Wololira ef al.
1989). Pinnotherid crabs ( Pinnixa fabaand P. itforalis)
are common commensals within the mantle cavity of
Manila clams (Haderlie and Abbotl 1880).

Range

Crargll: The Mandls clam iz atropscal-tamperale waslem
Pacific specias, onginally found from the Philippines
and China north along Japan to the southern Sea ol
Okhatsk (Wololira 2t al. 1989). I now occurs on
eastern Pacific shores from ERhom Slough, Caldomia
to British Codumbia (Fitch 1953), and is also found in
Hawaii (Morris 1966).

Within Study Areg: The Manila clam is abundant in
Washington estuaries, but is nol commonly found in
many Oregon estuaries [Table 1). It is highly abundant

in some areas of San Francisco Bay, bul not in other
Calfornia estuaries. Cregon has had liftle success
with establishing and ingcreasing Manila clam
populations inthe state's estuanes. Aquaculuraolthis
speciés is prasantly being conductad in Humboldt Bay,
California, Puget Sound, and olher estuanes.

Lite Mode

Egges and larvae are pelagic. Juveniles and adulls are
benthic infauna, occurring just below the sediment
surface down to aboul 5 cm (sometimes o 10 cm)
(Bourne 1982, Wololira et al. 1588).

Habitat

Type: It is found from the intertidal zone to depths of
aboul 10 m {Wololira et al. 1989), bul is primarily found
at 0.9-2.4 m above mean lower low water (MLLW)
(Quayle and Boumne 1872). Il is not found subtidally in
British Columbia (Bourne 1382),

Substrate: An ideal subsirate appears to consist of
graved (much of which is <25 mm in diameter), sand,
some mud (4-5%), and shell (Andarson el al. 1982).
Beaches having this lype of subsirate areclten relatively
stable, and occur in many prolected areas ol Pacific
Morthwest inlets and bays (Chew 1989). However,
Manila clams can inhabil a wide range of substrales.
Dense concenirations of Manila clams have been
found in subsirates ranging from primarily sand {Cahn
1951, Ohba 1958) o mud. Additions of pea gravel and
small rockon Manila clambeds can enhance settlement
(Chenw 1989).

PhysicalGhemical Characlaristics: The Manilaclamis
found in meschakng-euhaline walers (Haderbe and
Abbaott 1580}, Cptimem salindses o larval development
are 20-30%. (Robirson and Breese 1984). Optimum
temperatures for larval developmen! are 23-25°C, but
they can withstand temperatures of 0-36°C (Cahn
1851, Robinsonand Breesa 1584), Oplimum condiions
for adull and juvenile growlh are 28%. salnily (range of
24-31%.), 16°C temperature (range of 13-21°C),and a
lood suspension density of 55 mg/ (ranges 10-135mg/
[} (Bernard 1983b). Prolonged saknities below 10%.
aré lethal (Bardach et al, 1972), Optimum tidal level
appears 1o be 1.5-2.5 m above MLLW {Cuayle and
Bourne 1972, Glock and Chew 1579). Smallclams do
nol appear togrow during the winler when temperalures
are <10°C (Bardach el al. 1972, Glack 1978, Willlams
1980a). The Manila clam requires lemperatures »14-
15°C for maturalion, spawning, and larnval development
[Holtand and Chaw 1974, Mann 1878, Bourne 1982).
Juvenide and adult clams requirg MEAXIMUM Sumimen
lemperalures greater than about 12°C 10 survive
(Bourne 1982). Steeply-sloped beaches ara nol good
Manila clam habitat {Miller 1382, Chew 1983), Waves
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and water curranis play a major robe in regulating clam
productivity. Cumants remove wasie, supply food and
oxygen, distribute spal, and may redistribule young
clams (Miller 1982, Chew 1989).

Migrations and Movemenls: Larvae are cared by
currents inlo appropriate areas lor selllement.
Comvergences and eddies often concenirate larvae.
Larvae altach a byssus thread 1o a pebble or shell
during settlement (Cahn 1951, Nosho 1971, Quayle
and Bourne 1972).

Reproduction

Mode: The Manila clam Is gonochoristic, oviparous,
and iteroparous. 1tis a broadcast spawner, expeliing
gametes from tha exhalant siphon; eggs are ferikzed
axtermally.

Mating'Spawning: In Japan, spawning occurs both in
the spring and autumn (Chaw 1988). In Kasaoka,
Japan the Manila clam spawns from early May 1o July
and then again between early Movember and lale
December (Chew 1389). Oiher Japanesa stuedies
raveal spawning times from early March to mid-May
and from late October o early November [ Yasuda et al.
1845, Ko 1957). In Washington's watars, the Manila
clam spawns once per year, usually between May and
Seplember (typically peaking during June and July)
(Moshe and Chew 1972, Holland and Chew 1974).

Spawning apparently does not take place al water
lemparatures balow 15°C (Mann 1979).

Eacundity: Uinknown,

spherical and 0.08 mm in diameter (Wolotira et al.
1883}, Embryonicdevelopmentisindirect and extemal.

:Larvae range from 0.06 mmio
0.19-0.24 mm in length {Wololira el al. 1989). A
ciliated, motila, trochophorne larvae lorms within 24-48
hours after fertilization at 13-16°C. The veliger neads
aboul 3-dweeks belore melamorphosing bo spal {setting
juveriles) (Cahn 1951, Quayle and Bourne 1972,
Bourne 1582). The duration of larval stages is
dependant on temperature and food availabilty | Chew
1885).

Juvenile Size Range: At settlement, clams range from
0.180-0.235 mm SL (Williams 1978, 1960a), and reach
15mmSL (range: 12-20 mm) before becoming sexually
mature (Ko 1957, Nosho and Chew 1972, Holland and
Chew 1374, Wolotira et al. 1989).

Age and Size of Adufls: Some Manila clams may
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mature at 15 mm SL (Ko 1957, Holland and Chaw
1574). Growth rales vary considerably among
geographiclocations. One-year-oldclams arereporied
tobe B mm 5L inHokkaido, 18 mmSLinthe inland Sea
{Ohba 19549), 27 mm SL in southern Japan (Tanaka
1954}, 24 mm 5L in Hood Canal, Washington (Nosho
and Chew 1972), and 10-15 mm SL in the Strait of
Geargia, British Columbia (Quayle and Boume 1872).
Growih s also dependent upon the tidal level clams
inhabit, with growth often lower at higher tidal levels
[Chew 1988). Clams take 18-22 months 1o reach
markel size in Washington (Glock 1378), and about 24
manths in Californéa (Frey 1971). However, they may
need 3-4 years before reaching legal size in British
Columbia (Bourne 1982). Manila clams also grow
mare slowly in overcrowded conditions (Haderfie and
Abbott 1980). The madmum age is probably 7-10
years (Frey 1971),

Food and Feeding

Irophic Mode: The Manila clam is a nonselective
suspensionfilter leeder. Food particles are inhaled
with water through the inhalant siphon, trapped by the
gill, sorted by the palps, and passed to the mouth
(Wiololira et al. 1289).

Food tems: Food consists of suspended detritus and
phytoplankton.

Biolegical Interactions

Predation: Important predators inciude: the moonsnails
( Polinicesspp. ). rock crabs (Cancerspp. ), shore crabs,
rock sole (Lepidopsefta bilnaata), English sole
(Pliguronectes velulus), starry flounder |(Platichthys
sielialus), pile perch | Rhacochilus vacea), shiner parch
(Cymatogaster aggregala), starfish (Pisaster spp.).
ducks, and scoters (Cahn 1951, Glude 1964, Bardach
atal. 1972, Quayle and Bourne 1972, Andarson et al.
1982, Chew 1989). Nematodes and other meiofaunal
predators may prey heavily on newly-selling spat
[Williams 1980a).

Eaclors infyencing Populalions: Spal setllement areas
ane depandant on curants and subsirates (Chew 1983).

Wave damage, exirema temperatures, and sillation
can adversely alfect population sizes (Bardach ef al.
1972, Chew 19839). Extreme substrate temperalures
during winter and summer are potentially lethal (Chew
15989). High densities of adult clams may decrease tha
ability of spat to settle (Wilkams 1980a, 1980b). Most
martalty appears o occur within the first two months
after settlement (Wiliams 1980a, 1980b). Losses of
newly seliled spat are probabdy a resull of predation,
starvation, and cimatic conditions. Because of good
market condifions, numerous aquacullure ventures
are being esiablished or consldered (Anderson et al.,
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1982). This spacies’ northam distribution is probably
limaled by cold water temperatures (Bourne 1982). s
southemn distribution may be Bmited by the high salindies
and substrate structure of southemn Calidormiabays and
estuaries. Plastic netting placed on beaches improves
settliement and growth (Glock 1978, Glock and Chew
1978).
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Mya arenaria
Adult

2cm

Commaon Name: softshell

Sclantific Name: Mya arengria

Other Common Mames: soft clam, long clam, mud
clam, sand clam, commaon mya, nanninosa, aaslem
sofishell clam, softshell clam, sleamer clam, long-
necked clam, sand gaper (Frich 1953, Gates and Fray
1974, Newel and Hidu 1886)

Classification (Bernard 1983)

Phylum: Mollusca

Class: Bivalvia

Crder: Myoida

Family: Myidag

Value

Commarcial: Tha softshell is not as valuable as some
ather bivalves along the Pacific coast, bul may be
underutilized in Washington. Owar 181 | were
commercially harvesied in Washinglon in 1985
(Washington Department of Fisheres 1985). It has
baen estimated that 900 1 could be harnvested annualy
in Skagd Bay and Porl Susan, Washington (Cheney
and Mumford 1986). About 34 1 were harvested in
Oregon in 1980, byt in California this species has not
been harvested since aboul 1948 (Skinner 1962, Schink
et al. 1983). The limited commercial harvest of this
species in Oregon and California eccurs because of
small population sizes (Cregon) and pollution
(California) (Schink e al. 1983). This species is
harvesied pamarily by hydraulic escalalordredge (Kyle
and Chew 1975 ).

Bacreationgd: This isan imporiant clam for spor diggers.
In some areas of Washington over 9.1 kg/day are
allowed to be dug perpersan (Washingion Deparimeant
ol Fisheries 1986). Oregon permils spon diggers to
harvest 36 clams/day (Oregon State University

Extension Service et al. 1976). Ingenearal, this species
is underulilized by spord diggers because of the
abundance of more desirable species.

Indicator of Environmental Stress: The softshell often
OCCUrS in estuarnine areas where industrial and domestic
paoliution problems firstocour and theclams then become
unsale to consume. Many areas (e.g., San Francisco
Bay, Calitornia) that have harvestable numbers of M.
arenaria are presenlly closed fo harvesting due to
polution. Howevar, this species is relatively iolerant of
pollution. The splishell accumulales crude oll into iis
lipid-containing lissues whenoilisin low concentralions
190-380 pug odlliter) (Fong 1978). N also concentrates
heavy maals in s lissues. However, at waler
lemparatures of 22.0°C and salinities ol 30.0%., the
following concentrations caused death in 50% of the
tesiclams within 96 hours: copper, 0.039 mgy; cadmiwm,
0850 mgd; zinc, 5.2 mgd; lead, 27.0 mgl; manganese,
=>300.0 mg/; and nickel, >50.0 mg/ (Eisler 1977).

Ecological: The soltshall was probably introduced o
the Pacific coast before 1874, perhaps in 1863 whean
the first eastern oyslers were inroduced. However,
there is some evidence that sofishell clams were once
native 1o the Pacikic coast (Porler 1874), This species
is comman inestuaries irom Elkhom Slough, California,
1o Alaska (Ricketis et al. 1985), and may have crowded
oul the native Macoma spackes in some areas of the
Pacific coast (Rudy and Rudy 1583).

Range

Cryarall: In the Atiantic, it s found along the coast of
Horh Amanica from Labrador to Cape Hatteras, North
Carolina, and less commonly 1o South Carglina. In
Europe, it oocurs from notthern Morway (o the Bay of
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Table 1. Relative abundance of soltshell in
32 U.5. Pacific coast esluaries.
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Biscay, France. Inthe eastem Pacific, it oocurs from
Monterey Bay (maybe San Diego), Cakiornia, through
Alaska (Gross 1967, Paul and Feder 1976, Rudy and
Rudy 1883, Abraham and Dillon 1986), and is also
found along the western Pacific coast from the
Kamchatka Peninsula tothe southem Japaneseislands
(Hanks 1963). Itis apparently still extanding its range
as seen by its expansion inlo the Black Sea (lvanov
1968, Porer 1974).

I : The softshell is commonly found
from Elkhomn Slough, Calitornia, nonh through
Washinglon's estuaries {Table 1) (Haderle and Abbott
1980, Kozlofl 1883, Ricketis et al. 1985).

Life Mode
Eggs and larval stages are plankionic; juveniles and

adults are benthic infauna.

Habitat

Type: The softshell is a true estuarine crganism, with
all life stages occurring there. A euryhaline species, it
i found primarily in mesohaline and polyhaline water.
Eggs and larvae are found in the esfuarine and
nearshore maring plankton, while juveniles and adults
occur primarily in quiet estuaring mud fials that are
near river mouihs where low salinily occurs
{Oceanographic Institute of Washington 1881, Newsll
and Hidu 1986). Adulls and juveniles are often most
abundant in the upper mid-tidal zone [+1.8 to 0.6 fes
mean lower low water (MLLW)] (Cheney and Muméord
1986, but they can occur down o approximately -5.5
to -9 m MLLW (Filice 1358, Meinkolh 1981). Adulls
may be found buriad in sediments down 1o 25-30 cm
(Haderlie and Abbol! 1980, Abraham and Dillon 1986).

Subsirate: Adults and juveniles preler medium 1o sofl
substrates, consisting primarily of sand, compact clays,
coarse graved, a mixture of sand and mud, and graved
and mud (Cheney and Mumiord 1986, Neweill and Hidu
1886). However, they are often found in thick, dark
mud (Haderlie and Abbotl 1980) that may consist olup
o 50% silt (Abraham and Dillon 1986). Aduls and
juveniles cannot bumrow or mainain themselves in
shifting substrales (Ricketis el al. 1985). Growth rates
and shefl formare dependent onthe substrate propertios
(Newell and Hidu 1982).

PhysicaliChemical Characteristics: The softshell is a
euryhaline species. Adults cantolerate salinities down
o 5%, bul larvae are more sensitive to low saliniies
{Newall and Hidu 1986). Adult clams on the Atlantic
coast have preferred salinities thal decrease nonth o
south (Mewell and Hidu 1586); it is not known if thes is
true for Pacific coasi populations., Juvenile clam salinity
lolerances are related to size; larger juveniles can
withstand lower salinities. The ability to withstand
extremely low salinities is inversely related to
iemperaiure. Temperature also conirols liming of
spawning and influences distnbution. The northam
rangeof M. arenaria is limiled by temperatures oo low
for spawning, while southem distribution is limited by
high temperatures (Laursen 1966). Temperaiures
above 28°C can affect its distribution and abundance
(Meweall and Hidu 1988). However, it can withstand
lempaeratures downto atleast-1.7°C (Newell and Hidu
1986). The softishell clam can function as a facultative
anaerobe at low tide (Collip 1820}, surviving anaerabic
condstions longer at lower temperatures (Newell and
Hidu 1986). Spawning temperatures depend on latitude
andlocation, ranging from aboul 4°C to 2270, Spawning
on thie Pacific coasl appears 1o occur al temperatures
between 10 and 15°C (Simel 1980). This species
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prefers io onent its siphon perpendicutariothe principal
component of water curremts (Vincend et al. 1388).

Migrations and Movements: Planktonic eggs and larvae
are dispersed by waves and curents.  MNewly-
metamorphosed spal may spend 2-5 weeks floaling
and crawling. During this ime, the spat uses a byssal
thread o holdonlovarous subsirates, such as eelgrass
{Zostera spp.), filamentous algae, and other cbjects.
Eventually the spat finds a lavorable location where it
drops to the bottom and burrows inlo the sediment.
Initially spat seftle primarily in lower intertidal and
subtidal areas, but as they grow they may mowve
shoreward, This shoreward movemnent is believed 1o
be caused primarnly by shoaling wave sorling
{Matthiessen 1961, Mewell and Hidu 1886). Clams up
to 12-13 mm in diameter will wander (Smith 1955),
while larger clams are sedentary.

Reproduction

Medla: The soltshell clam is gonochoristic (bul some
harmaphroditism has been reporied), oviparous, and
iteroparous. It 5 a broadcast spawner; eggs are
lertilized exlernally (Porer 1974, Brousseau 1978,
Brousseau 1987).

MatingSpawning: There are only two published records
of soltshell spawning limes on the Pacific coast; one
from Skagit Bay, Washington (Porter 1974) and the
olher from Humboldt Bay, California (Simel 1980).
Similar to northern Atlantic coast populations {Ropes
and Stickney 1965, Brousseau 1987), M. arenariain
Skagit Bay spawns cne ftime between May and
September, peaking in June or July {Porter 1974). In
Humboldl Bay, i@ appears 1o spawn al the peak of
phyloplankion abundance from late March through
April (Simel 1980). Males normally spawn first,
producing both pheromones and spermwhich stimulate
lemales to spawn (Newell and Hidu 1986).

Eecundity: Fecundity has been reported 1o be 3 million
eggs per lemale per year, bul may actualy be 120,000
101,000,000 (Brousseau 1978, Newell and Hidu 1988).

Growth and Development

Egg Size and Embryonic Development: When released
into seawaler, eggs are sphencal and aboul 68 pmiin
diameler (Mewell and Hidu 19288). Embryonic
davelopment is indirect and external. Ferilized eggs
may lake 12 hours 10 develop into the trocophore (a
lop-shaped cliated [arvaes).

Aga and Size of Larvae: The trochophore takes 24-35
haurs 1o develop into a veliger, which has calcareous
valves and slays in the waler column by its ciliated
velum. Thevekgerstage may last 2-6weeks, depanding

on lemperatura, bafore transforming into a spat, which
has a muscular ool byssal gland, no velum, and
gettles out of the water column (Abraham and Dillon
1886). Imitially, valiger larvae are abouwl B0 um in
diameter and most metamorphose to spat soon after
reaching 200 um (Loosanofl et al. 1966).

Juvenile Size Rangs: Juveniles grow from 0.2 mm shell
langih (5L} {newly-settled spat) upto 25.0-45.0 mm 5L
betore maturing {Porter 1974).

Age and Jize of Adulls: The sofishell may reach
maturity &t one year and 27-34 mm 5L (Brosseau and
Baglivo 1988); adults may reach commercial size (50-
75 mmSL)in 2-3 years inWashington (Oceanographic
Institute of Washington 1981, Cheney and Mumford
1986), but may reach this size earlier in Cregon and
Cahlormia. Growth is slower during winler and faster
during early spring and summer, but is modilied by
sediment type, tidal level, population densities, and
fcod abundance (Newell and Hidu 1386, Brousseau
and Baglivo 1987). Softshells have been raported lo
iveupto 28 years (MacDonald and Thomas 1980}, but
10-12 years is morelikely the maximum age (Brousseau
1978, Brousseau and Baglivo 1987).

Food and Feeding

Iicghic Mode: Larvas, juvenides, and adulis are
planktivorous filter feeders, irapping and ingesting
food particles via mucus on the gill lissues.

Eocd ltems: Trochophores feed on various suspended
panticles, whila veligers feed primarily an phytoplankion.
Adulis and juveniles preler flageliates and diatoms, but
bacteria, dissolved organis matenial, and organic detrilus
are also fed upon (Abraham and Dillon 1986, Newell
angd Hidu 198E),

Biological Interactions

Predation: Veligers are important pray for many species
of larval fish. Jellyfsh, combiellies (Holtand et al.
1980), and fish are efficient predators of sofishell
larvaa. Imporam predators of spat and juveniles
includa birds, fish, shrimp, polychaetes, crabs, snails,
and flatworms. Impoatant predators of adulls include
racooons | Procyon fator) and ofters { Enfrpdra Lifris),

Eactors Influencing Poputations: Lessthan0.1% of the
eggs produced during a spawning season succassiully
sattla, bul only 1955 of tha setlod spat need 1o mature (o
maintain populations (Mewell and Hidu 1986).
Extremely high densities of spal settlement have been
observed, bul dansikes are quickly reduced, probably
due to predation. First year survivorship rates ranged
from 24 million to 420 million at two Atllantic coast sites
(Brousseau and Baglivo 1988). Alterations ol estuanne
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habitats adversely affect populations. Municipal
sewage, indusirial effluent, and estuaring development
projecis {e.9., dredging, pier and jetty construction)
may all reduce sofishell dam populations,
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Commaon Name: geoduck

Scientific Name: Panopea abrupia

Other Common Names: Pacilic geoduck, giant
pancpaes, geoduc, gwedue, king clam, gocey-duck
{Gates and Frey 1974, Wolotira el al. 1989)
Classification (Bernard 1983)

Phivlum: Mollusca

Class: Bivalvia

Order: Myoida

Family: Hialalidas

Value

Commercial: The geoduck was nol commercially
harvested until 1570 (Wolotlra & al. 1983), but it now
supportsthe largest clam fishery onthe Pacific coastof
North Amarica (Schink et al. 1883). It is commercially
harvested from Alaska to Washinglon, but primarily
from southern British Columbia, Pugel Sound, and
Hood Canal, Washingion. In 1977, 3,900 | were
harvested from Washinglon Stale's subtidal areas.
The industry & now limited 1o below the oplimum
sustained yield quota of about 2.25 t per year {Schink
@l al. 1983, Goodwin and Shaul 1984, Cheney and
Mumiord 1988). Geodudk nack meal is sold in Japan,
Taiwan, and withintha U.S.; body meat is sold primarily
in Caldornia and on the U.S. Atlantic coast (Cheney
and Murmford 1986). Geoduck harvests are worth
about $2 4 million annually to U.S. fishermen (Wolotira
ol al. 1989). This species is harvested by divers during
daylight wsing hand-held, high-pressure waler jets.
Most harvesting is in depths <18.3 m because diving
time is limited in deeper water (Schink et al. 1983). In
Washington, subtidal tracts are leased from (he state.
Tracts are required to be =182 m away from the mean
hagh-water ine and have depths »5.5 m below mean
lower lew water (MLLW) (Schink et al. 1983), Geoducks

are harvested year-round, but primarily during spring
and summer (Weolclira e al. 1888). Meal quality
appearsiobe correlaled with subsirale type . geoducks
growing in coarse subsirales produce a batter quality
product {Goodwin and Paaze 1387). The Washingion
commaercial gesduck industry pays a royalty fes which
suppons a geoduck hatchery thal raises culiured
juvenikes to seed harvested beds. Geoducks musi be
processed within 24 hours after harvesting or thay
gape, lose water and body fukds, die, and the meat
dries oul (Schink et al. 1583)

Becreational: This species 15 recreationally harvesied
from British Columbia to California, bul is particularly
important in Washington (Schink et al. 1983). Because
the geoduck ves deep within the sediment, shovels
and open-ended tubes are used o dig them. N is
harvesied year-round, usually during very low tides on
intertidal flats. However, asmall number are harvestied
by sport divers (Goodwin and Shaul 1884)

Indicator of Emvironmental Stress: Geoduck beds may
be closed 10 harvesting because of coliform bacternia
contaminalion. Beds may also be temporandy closed
because of paralytic shellfish poisoning, however, this
has not been a signilicant problem in Pugel Sound.
Many productive sublidal clam beds in Puget Sound
are closed lo shellfish harvesting because of indusirial
and municipal pollution (Schink & al. 1983). Lile is
known about this species’ abilily 1o concentrate heavy
metals, pesticides, and olher chemicals (Goodwin and
Pease 1989).

Ecological: This is the largest burrowing bivalve on the
Pacific coast of North America. The geoduck is very
abundant in sutitidal areas of Puget Sound and British
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Table 1. Relative abundance of geoduck in
32 U.8. Pacific coasl estuanas.
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Columbia and it often dominates the biomass of benthic
infauna communities there (Cheney and Mumford 1586,
Goodwin and Pease 1989). Aconsenvative population
estimate of 117.6 million geoducks was made for
33,799 acres of subtidal beds surveyed in Puget Sound
in 1877 (Cheney and Mumford 1886).

Range

Oyerall: This is a lemperate amphi-North Pacific
species, found fromKyushu to Hokkaido Islands, Japan,
and in the nornheast Pacific from southeast Alazka 1o
Baja California (Scammans Lagoon), and alkso in tha
northarn Gull of California (Fitch 1953, Haderlie and
Abbolt 1980, Bernard 1983, Wolotira &1 al. 1989).

Within Stedy Arga: The geoduck is commeon toabundant
in Skagit Bay, Pugel Sound, and Hood Canal,

Washington {Table 1). llisnot found incoastal estuaries
of Washington and Oregon excepl bor Nelans Bay,
Oregon, where some are harvested. It is not found or
is rare in California’s estuanes, excepl for Momo Bay
where il is common (Marriage 1554, Haderlie and
Abbatt 1980, Maciniyre et al. 1986).

Life Mode

Eggs and larvae are pelagic. Juveniles and adulls are
benthic infauna, burrowing to depths of 100 cm
{Goodwin et al. 1973, Haderlie and Abboll 1980).

Habltat

Iypa: The geoduck is found interidally to depths of at
least 110 m in bays, sioughs, and estuaries (Goodwin
1973a, Bemnard 1983, Goodwin and Pease 1987,
Wolatira ef al. 1989). In Alaska, gecducks are lound
only sublidally at depths from 4.5-12.0 m (Wolotira et
al. 1989). This species is most abundan between 9.1
and 18.2 mbalow MLLW (Goodwin 1973a). Thelength
andweight of geoducks decreases withdepths batween
3 and 20 m (Goodwin and Pease 1587).

Substrale: The geoduck is found in a variely of
substrates ranging from soft mud to pea gravel, but
primarily in slable mud or sand botloms (Goodwin
1973a, Goodwin and Pease 1987). Iis often associated
wilh the sea pen [ Plilosarcus gurney) and polychaste
lubes [Cox 1873) Polychaele tubes ol
Spiochastopelerus costarum, Phyllachaetopelerus
profifica, and Diopaira ornata, are preferred altachment
araas for juveniles (Strathmann ed al. 1987).

PhysicallChemical Characlenslics: This species is
Iound inareas wherewalerlemperatures range from 3-
20°C (Bemard 1983). Eggs and larvae are found in
polyhaline-euhaline waters ranging from 22.0-35.0%.,;
optimum is 27.5-32.5%. (Goodwin 1973b). Juvenies
and adults occur in meschaling-euhaline waters (5.0-
35.0%.), but prefer salinities above 25.0%. (Andersen
1971, Goodwin 1976). Optimum spawning
lemperatures are 12-14°C, bul spawning occurs in
temperatures from B-16°C (Goodwin 1976). The best
temperature for larval survival is between 6 and 16°C
(Goodwin 1873b). Although juveniles and adulls
withstand air lemperatures o 0-25°C, they are only
found in areas where waler lemperalures during the
spawning paniod (Aprl 1o July) are not above 16°C
(Andersen 1971, Goodwin 1973b, 1876).

Migrations and Movaments: Plankionic eggs and larvae
are dispersed by water currents. Boltom-dwelling
post-larvae are active crawlers (Goodwin et al, 1979),
MNewly-settled juveniles remain at or niear the sedimeant
surface until ey grow 10 15 mmshall length (SL), then
thair siphons begin (o lengthen. Onca siphons are
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Table 1, Relative abundance of bay shrimp
in 32 L.5. Pacific coas! estuaries.
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Life Mode

Eggs are brooded on the female’s body, camied under
the abdomen, altached 1o and between the basal joints
and inner rami of the plecpods or abdominal legs
{Israel 1936). The larvae are epipelagic, and juveniles
and adults are epibenthic,

Habitat

Type: Adults are found in estuares and ofishore,
imeridally down to 183 m (Butler 1980). Ovigerous
females are found inthe lower portions of estuanes and
adjacent offshore waters (Krygier and Homon 1875).
Juveniles primarily inhabit channels and flals inthe low
salinity areas of estuaries.

sSubsirate: Larvas arefound overa variety of substrates.
Juveniles and adults occur primarily over sandy to

muddy substrates (Kuris and Carlton 1877).

PhysicalChemical Characieristics: The bay shrimp is
a euryhaling species. Juveniles and adults ane found
in euhaline o oligohaline waters in Prince William
Sound, Alaska (2.2-28.3%.) (Butler 1880). In San
Francizco Bay and Delta, highest densities are found
at salinities of 1-7%.(Siegfried 1980). Juveniles appear
to preler lower salinities (<32.0%.), while ovigerous
femalas prefer salinities =14.6%. (Krygier and Horton
1975). Juveniles and nonovigerous adulls tolerate
temperatures of 5.2-21.3°C; ovigerous females prefer
temperatures ol 6.8-19.2°C (Krygier and Horlon 1875).
Salinity and temperature influence this species’
distribution significantly. High salinities retard the
movemeants of juveniles to lower estuarine areas, while
hightemperalures in the summerincreasa movements
1o upper esluarineg areas (Krygier and Horon 1875).
Low salinities probably retard egg development (Krygier
and Horton 1975), and salinities <12%. may reduce
tarval survival (Siegiried 1980). Optimum conditions
for adults are salinities of 18-20%. and temperalures of
4.5-17.0°C (Khorramand Knight 1977, Siegiried 1980).

Migeations and Movements: A “spawning migratson™
accurs during the reproductive periods; adult lemales
and males move to lower, more saling areas of estuaries
(primarily March 1o July) (Krygier and Horlon 1875).
Juveniles move up estuaries during the summer torear
inlower salinity, higherlemperature areas (Israel 1936,
Armstrong et al. 1981, Hatfield 1985). As they grow
and maiure, bay shrimp move lo lower, more saling
argas (Krygier and Horlon 1975). Inthe fall and winter,
many adulls move 1o near the mouth of estuaries and
nearshore areas outside estuaries (Hatfield 1985).
Juveniles and adulis undergo nocturmal vertical
migrations to feed (Sils and Knight 1973). Larvae
appear o be advecied seaward by rivar liow (Hallield
1985).

Reproduction
Mode: The bay shrimp is ganochoristic and oviparous.
Sperm is stored internally in the female; eggs are
lertilized when extruded and brooded externally on the
lemale's body.

Mating/Spawning: Althouwgh gravid females may be
found year-round, usually cnly two spawning periods
exist (sometimes only one depending on the esiuary)
{lsrael 1936, Krygier and Horlon 1975). In Yaquina
Bay, Oregon, spawning occurs from December to
March (older temales), and from April to August {first-
tima and repeal spawners), The second spawning is
usually larger (more spawners présent for a longer
period) than the first (Krygier and Horlon 1975). InSan

Francisco Bay, only a single éxtended spawning perod
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was thought 1o exisl, with a peak from March to
September (lsrael 1938). However, a bimodal
reproductive schedula appears 1o occur here also;
during the first period, gravid femalas reside pamarily
off the mowth of San Francisco Bay (Hatlield 1985). A
“spawning migration” occurs, with females and males
movingto deapar, higher saknity areas (usually »21%-,
depeandng on waler temparaiung) when thay become
reproductively active (Krygier and Horon 1975,
Siegired 1580). Nearshare areas outsida of estuanies
are often used by spawning adults during the wintar
and spring (Durkin and Lipovsky 1977, Hatfield 1985).

Esgunchty: Females trom 47.8-67.4 mm total length
{TL) carriad 1,923-4,764 aggs perfamale, with a maan
of 3,528 (Krygier and Horton 1975). Fecundity of bay
shrimp ranged from 1,877-3,103 in Grays Harbor,
Washingion (Hoaman 1932), and from 2 499-8,840in
south San Francisco Bay (Stevenson et al. 1987).
Fecundity (YY) was calculated 1o bg Y=-
S338.7+156.1(TL) for shrimp in Yaquina Bay (Krygier
and Horton 1975), and log Y=-3.86+4.0%0g(TL) for
shrimp in San Francisco Bay (Slegiried 1380).

Growth and Development

Egg Size and Embryonic Davelopmeni: Eggs are
spherical and 060 mm in diameter (Mondo 1980).
Embryonic developmant is indirect and extemal; eggs
ramain in the femake's brood pouch wnlil hailching.
Eggs appear (o 1ake 8-12 weeks to mature, depending
onlemperature. Larvae haichedin early spring develop
into juveniles by May to July (Krygier and Horton 1875).

Age and Size of Larvae: Larvae range trom 6.0-7.4 mm
TL (israel 1836, Krygier and Horton 1875). Larvae
undergo seven larval stages in 21 days at 17.5°C
{Mondo 1280),

Juvenile Size Range: Juvenile bay shrimp range from
6.0-7.4 mmio aboul 34 mm TL for mabes, 48 mm TL for
lemales (lsrael 1938, Krygier and Horon 1975),
howewer, this may difier between estuares (lsrag
1836). Afler reaching 30 mm TL, growth is estimated
1o be 2.0 mmimonth {Stevenson et al. 1987).

Age and Size of Adults: Both saxes mature in about 1-
1.5years, with most males reaching maturity at 34 mm
TL and femakes at 48 mm TL (Krygierand Horon 1975,
Butler 1380, Stevanson et al. 1987) or55-60 mm TL in
San Francisco Bay (Hatfiekd 1985, Stevenson el al.
1587), Males appeario spawn only once, whilefemales
may produce two broods (Butler 1980). Females are
&0 mmTLIn 1.5 years, males50-52 mm TL aller 1 year;
lemales =62 mm TL are rare in Yaguina Bay, but are
common olf the Columbsa River (Krpgier and Horon
1975, Durkin and Lipovsky 1977). Tha largast size

reporied is 110 mm TL off the Columbia River {Durkin
and Lipoveky 1977). Famales may kve 2-2.5 years,
and males about 1.5 years (Stevenson el al, 1987).

Food and Feeding

Trophac Moda: Larvae, juvenibes, and adults arepamariky
camivorous [oocasionally detritivorous), feeding on
benlhic and epibenthic prey. Food habils depand on
the shrimp's size, temperature-salinity preferances,
and prey avaitability (Wahle 1985).

Eoodtems: The bay shimgleeds onmysids (Neomysis
mercedis), amphipods [primanly Corophivm  spp.,
Ampelsca aboila, and Grangidierglia iaponicg), bivalves
{primarily Mya arenaria, Gemma gemma, and
Venarupis japonica), foraminiterans, isopods.
copepods, ostracods, gastropods, and plant material
{Wahlae 1885).

Biological Interactions

Predation: The bay shdmp is an important prey for the
siriped bass, brown smocthhound (Musielus henial),
green slurgeon (A. medirasirs), white sturgeon (A.
transmontanus), Pacilic staghorn sculpin | Lepdecofius
armatuss), Pacillctomosod [ Microgadis proximus), prckly
sculpin [(Colius asper), sand sole [Psellichihys
melanosticlus), walerowl, harbor seal{ Phocawviluina),
and the Dungenass crab (Cancer magisler) (Ganssle
1966, Hoeman 1982, Stevens et al. 1982), The bay
shrimpis also susceptibie to cannibalism | Mondo 1980).

Eactors Iofiuencing Populations: This species may
compelewiththeintroduced oriental shrimp [ Palaemon
macrogactylus) for tood and resources, especiakly
during droughl years {Sitts and Knight 1973, Sieglrned
1980). The bay shrimp is cne of the most abundant
organizms entrained during dredging cperations in
Pacific Morthwest estuaries (&rmstrong et al. 1381,
Hoeman 1982). lts distributionis atsoinfluenced by the
availabilty and abundance of the mysid MNeemysis
mercedis (Slegifed 1980). Freshwater inflow info
estuaries strongly influances this species’ distribution
and abundance (Hatfield 1285, Calilermia Dapanmani
ol Fish and Game 1987). Abiolic conditicns dunng
winder and spring off the mouihs of estuaries may also
inliuence populations (Hatfield 1985). The bay shrimp
is a shor-lived species thal shows large annual
fluctuations in abundance and may be highly sensitive
1o effects of short-term estuarine pollution (Frey 1971).
Farasitism by the branchial isopod Argela pugeliensis
inhibils female reproduction {Bufler 1980, Hoeman
1882). Mecrolic shell lesions may affect populations,
but Gitle indormation is avallable (Stevenson el al
1887). Predation may also significanily conlrol year
class strength (Stevenson el al. 1987},
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Dungeness crab

Cancer magister
Adult

Common Name: Dungeness crab

Scientific Name: Cancer magister

Other Common Mames: Pacitic edible crab, edible
crab, markel crab, commancial crab {Hart 1982, Paulay
el al. 1986)

Classification (Bowman and Abale 1982)

Phylum: Crustacea

Class: Malacostraca

Owder: Decapoda

Family: Cancridae

Value

Commercial: The Dungeness crab is an important
commercial shallfish that is harvested from the waters
of Alaska to Calilornéa. In 1985, mara than 12,700
worth over $39 milkon were landed (Mational Maring
Fisheres Senvice 1986). The abundanceof this species
flucluates considerably, but long-term average annual
landings are rear 17,000 t (Pacilic Maring Fisherias
Commission 1987). Baited crab pots are used to caich
this speciesin nearshore marine walers normally <120
mdeep (Dahlstrom and Wild 1983, Barry 1985). Inthe
study area, major commercial landings occur norh
trom Fort Bragg, Califormnia (Garth and Abbotl 1980).
The commercial Season oocurs pimarly when males
are hard-shelled. Off northern Calilornia, Cregon, and
Washington the season usually opens December 1

and cnly mala crabs 2159 mm carapace widih (CW)
are kegal (Barry 1285, Demory 1985, Warner 1985). In
Alaska, the commercial seasoninthe Southeasi opens
July 1, Yakutal opens May 1, and Kodiak opensMay 1

Only male crabs 2165 mm CW are legal in these areas
(Eaton 1585, Kimker 1985a, Koanaman 1885). The
commercial season may last 9 months, but most crabs
are capluredwithin the first 2 months. The Dungeness
crab is soid as cooked whole or shelled (and frozen or

2]

vacuum-packed | .in Cans,

Begreational: Limited data are availableon the nembers
of Dungeness crab captured by spor fishermen. It is
primanily caught in bays and ostuariaes, capiured eithar
intaridally by hand or subtidally by balted crab pols,
ring nets, dip nets, and hook and Ene (Paulay at al.
1986). Legal crabs for recraational fisharmen must be
make and 2146 mm CW in Oregon, 2152 mm CW in
Washinglon, and 215% mm CW In Califomia (where
maies and females can be taken) (Dahlstrom and Wikl
1083).

Indicator of Emvironmental Strass: The etfects of urban
pollution including chiorine residuals, heavy matals,
chiorinated pesticides, polychlorinated biphenyls, and
hydrocarbons, on Dungeness crab are not clear.
However, sublethal effects are incécaled for some
pollutamts at concentrations presently occumingin San
Francisco Bay, Calilornia (Guard et al. 1883, Haugen
15834, 1983b, Home et al, 1983, Cheney and Mumford
1888). Exposurelooiled sediments lowers this species’
repreductive activity and tarval survival (Karinen e al,
1985). Crabs are intolerant of low dissolved oxygen
[cptimalis = & ppm), and kow concenralions of ammon:a
areloxic (Cheney and Mumlond 1386). The insecticide
SEVIN (carbaryl) is sometimes used 10 control ghost
shrimp{ Calfanassa spp.) in Pacificoyster ( Crassostrea
Sigas) beds, but is also very loxic 1o Dungenass crabs
{Buchanan et al. 1885). Zoeae of C. magisier arg
among the most sensitive e stages lo insechicidas
and fungicides (Buchanan et al. 1870, Armstrong e al,
1678, Caldwell ot al. 1873).

Ecological: The Dungenass crabis important as both a
pradator (on Crangon spp. shrimp and bivalves) and




Dungeness crab continued

Table 1. Relative abundance of Dungeness crab
im 32 U.5. Pacific coas! estuaries.
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préy species in nearshore and estuaring habitals.
Estuaries are very important 1o early life stages (Tasto
1883, Armsirong and Gunderson 1985, Emmett and
Durkin 1985).

Range

Owerall: This species occurs from Santa Barbara,
California in the south, to the Pribilol Islands
(southeastem Bering Sea) inthe north (Schmir 1921,
MacKay 1942, Pauley et al. 1988). Hdoes notoccurof
Baja California (Garth and Abbott 1980). It is found
along the Pacific coast inintertidal waters down to 420
m, but ks not abundant al depths below 90 m.

Within Study Area: The Dungeness crab occurs in
coastal waters and probably all bays and estuaries
from Morro Bay, California (Scule and Tasto 1983), to

Puget Sound, Washington (Tabie 1).

Life Mode

Eggs adhere to plecpods of the epibenthic-living adult
female. Larvae (zoeae) are plankionic. Post-larvae
(megalopae) are primarly planklomic, bul become
mastly benthic when close 1o molting (Reilly 1983a).
Megalopae can actively swim and sometimes form
“swarms" near the surface (Lough 1976, Hatfield 1983).
Megalopae are often found on the hydrozean Velella
vilelia (Wickham 1979, Stevens and Armstrong 1285).
Juveniles and adults are epibanthic.

Habitat

Type: Eggs adhere 1o pleopods of female crabs in
euhaline {30-40%.) walers, Females wilh eggs can be
found interidally and in deeper nearshore waters
(MacKay 1842). Larvae initially occur in nearshore
euhaline waters {5-16 km from shore) (Lough 1978,
Orcutt 1977, Railly 1983a), with ofishore movemant
and distribution influenced by depth, latitude,
temperature, salinity, and currents (Reilly 1383a,1985).
Larvae ara found near the surface al night and 15-25
mdeep during daylight (Reilly 1983a, 1985). Megalopae
ara primarily found in shallow nearshore areas (Lough
1976, Hatfield 1983, Reilly 1983a). Megalopae occupy
the upper 15 mboth day and night (Reilly 19834, 1985),
but they also have diel migrations (Booth &1 al. 1985).
Juveniles occur primarily in shallow coastal waters and
estuaries (Butler 1958, Orcutt et al. 1975, Stevens and
Armstrong 1984, 1985). Adulls are found primarily
intertidally 1o 80 mdepths in marine (euhakine) waters,
but sizable numbers occur in the lower reaches ol
estuanes.

Substrate: The Dungeness crab is lound aver vanous
substrates. Juveniles are often found interidally in
estuarine areas of soft substrale containing eelgrass
(fostera spp.) and bivalve shells (Armstrong and
Gundersan 1985). Adults can be found an mud, rock,
and gravel bottoms, but they prefer sand (Fray 1871,
Karpov 1983, Rudy and Rudy 1983).

PhysicalChemical Characleristics: Salinity lolerance
varies with life stage (Pauley et al. 1986), but small
juveniles do not appear 10 be more lolerant of low
salinities than adults (Stevens and Armsirong 1985).
Eggs hatch over a wide range of salinities, bul survival
i% best in euhakine waters (Paulay et al. 1986). Larvae
are highly sensitive 1o salinity variations and are lound
primarily in euhaline waters (Buchanan and Milleman
1969, Lough 1876, Reilly 1983a). The interaction
betwean salinily and temperalure can skgnificantly
affect larval survival. Al lower temperatures (210°C)
epggs take lenger to halch and have lower halching
maorality rates (Mayer 1973, Wild 1983). Larvalsurvival
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isbestwhentemperatures are 10.0-14.0°C and saiinities
are 25-30%. (Read 1969, Pauley et al, 1988); larvas will
not successtully develop to megalopae at 20°C (Sulkin
and McKeen 1983). Juvenile and adult crabs in
esiuaries are exposed lo rapidly changing salinities,
which they respond to by pulsing. closure (Surgarman
&l al. 1583), and movement [(Stevens e al. 1984),
Maling takes place al temperatures of B8.0-17.0°C
[Pauley et al 1985). Waleriemperatures >20.0-25.0°C
may cause juvenile and adult moralities, dependingon
olher envionmental factors (Wikd 1383, Pauley et al.
1986).

: Belore spreading oltshore,
lzrvag initially appear in nearshore waters 5-16 km
fromshorein December (ofl California) and late Janwany
iafl Cragon), Megalopae appaarin early March bo mid-
Aprilin California and April ofl Oregon and Washingion
(Lough 1976, Reilly 1983a, Pauley et al. 1986). Both
larvae and megalopas underiake daily werlical
mgrations, being at the surlace at night (Reilly 1983a,
Booth et al. 1985, Shenker 1988). Tidal currents and
sell-propuision bring megalopas within 1 km of shore
andinto estuariesin Oregon(Lough 1976). Megalopae
my also “ride”the hydrozoan Velelia velella toinshore
walers (Wickham 1979). Early juveniles settle out in
shallow water estuanne areas or adjacent maring
waters (Tasio 1883, Stevens and Armsirong 1985),
and also settle on tidal flats al high lide (Slevens and
Armsirong 1284, Armstrong and Gundarson 1985,
Adult crabs move out of estuaries to mate, but there are
always some adults inestuaries. Whiletagging studles
have shown that adull Dungeness crabs can move
over a wide area, most exhibit Emited random
movements {Waldron 1958, Diamond and Harkin
1885). However, there is some evidence thal mala
crabs move northward and into shallow waters during
winter and southward and into deeper water during
summer (Golshall 1978). Dl movements lo inlenidai
habitals may be a result of food availability (Stevens et
al. 1984).

Reproduction
Meads: The Dungeness crabis gonochonislic, oviparous,
andileroparous. Eggs are fertilizad while baing extruded
by the famake.

Mating!Spawning: Mating occurs from April 1o
September in British Columbia (MacKay 1942, Buller
1956), primarily trom March 1o April (but sometimes 1o
Jungj in Washington (Cleaver 1943, Pauley et al.
1886, and from March fo July in Califormia [Pauley at
al. 1986). Mating takes place in nom-estuarine iocations,
wilh males finding females via the possibie aid of
pheromones (Knudsen 1964, Pauley et al. 1988).
Maling usually occurs when the female is solt-shelled.
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To accomplish this, the male may hold tha famala in a
pramating embrace for up to 7 days before she moRs
(Snow and Meilsen 1968). After she molts, the male
inserls his gonopods inta the spermathecae of the
female and deposits spermatophores. The make may
remain with the female for two days 1o insure her
protection (Snow and Meilsen 1966). The
spermatophores remain viable in the famale lor many
moniis and ferliize the eggs when they are extruded
(MacKay 1942, Wild 1983), Males can mate wilth more
than ona famale.

Eepundily: Eggs are extruded in the fall and winter;
from Seplember to February in British Columibsa
(MacKay 1942, Butler 1958}, October to December in
Washinglon (Cleaver 1943}, October to March in
Oregon (Waldron 1958), and Saptamber to November
in Calformia (Orncutt et al. 1975, Wikl 1983). Afemala
may have 3 or 4 broods in a Eletimae (MacKay 1342) and
can camy up to 2.5 million eggs (Wickham 1980), but
ihe actual number that hatch is much less (Wikd 1380,
1983). Females have 1o be burad in sand for eggs o
adhere propery o plecpods (Wikd 1983). Eggsforman
orange “sponge” thal gets darker as the eggs mature,

Gl'ﬂ‘ﬂl'l and W‘H‘Eﬂpﬂ\‘ﬂﬂt

3! pment: Eggs are 0.4-
0.6 mm in r.!nama{ar am,'l sma"afai higher incubation
lemperatures (Wild 1983), Embryonic development is
indirect and external. Egg incubation lakes 64-128
days depending on temperature (Cleaver 1549, Orcult
1878, Wild 1883). Upon hatching, crabs emerge as
prezoaas and moll 1o zoeaswithinena hour, (Buchanan
and Millaman 1963).

Age and Sire of Larvae: Larvas arg 2.5-11.0 mm in
lengih (Poole 1966). The larvas mall ihrough five zoeal
stages belore metamamphosinginto megalopae (Pools
1966, Lough 1976). The magalopa is the final planktonic
slage: i molls 1o become the inftial juvenile instar
{Redlly 1383a, 1985).

Juvienile Size Bange: Juveniles range in size from 5.0
mm CW to about 100 mm CW (larger for malas)
(Cleaver 1349, Waldron 1958, Butler 1960, 1961,
Poole 1967). Crabs may molt 11 or 12 times before
reaching sexual maturity (Butler 1881). Juveniles in
estuares grow faster than juveniles residing incoasial
waters. Subyearling crabsin Grays Harbor and Willapa
Bay, Washington, grew to 40 mm CWhy Seplembearof
their first year (Gunderson et al. 1830).

Age and Size ol Adulls: The Dungeness crab matures
after approximatety two years when 116 mm CW

(males) or 100 mm CW (femakes) (Bulker 1960, 1961),
Some male crabs reach harvesiable size three years
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alter sattlermant, and most males reach this size after
four years (Warner 1987, Smith and Jarmieson 1985).
This species can live up fo 8-10 years and reach a size
of 218 mm CW (males) and 160 mm CW (lemalas)
{MacKay 1942, Butler 1961).

Food and Feeding
Trophic Mode: Larvas are plankfivorous. Juveniles
and adults are carmivorous.

Egod tems: Larvae and megalopae eal phytoplankion
and rooplankion, but primarily zooplankion (Lough
1976, Ebaer at al. 1983). Juvenlle crabs sat fish,
moliuscs, and crustaceans (Buller 1554, Gotshall 1977,
Stevens et al. 1982). Shamp (Crangonspp.) appear o
be a preterred prey for juvenikes that are 61-100 mm
CW in Grays Harbor (Slevens et al. 1982). Larger
juveniles often cannibalize smaller crabs (Mackay
1942, Butler 1954, Golshall 1977, Stevens etal, 1382).
Aduits also eat fish, molluscs, and crustaceans, and
are nonspecitic feaders that aller their food habils as
prey abundances lluctuale (Gotshall 1877). Inganaral,
crabs eal bivalves their first year, Crangon spp. their
second year, and fish their third year {(Stevens @i al,
1982).

Biological Interactions

Pradation: Dungeness crab eggs are consumed by a
nemertean [ Carcinonemeéries errans) which cancausa
large losses inegg production (Wickham 1980). Larvag
are eaten by planktivorous fishes such as Pacific
heming (Clupea palias), Pacific sardine (Sardinops
sagax), and others (Garth and Abbott 1980, Pauley et
al, 1585). Megalopae are eaten by rocklish (Sabasies
spp.), coho salmon {Oncorhynchus kisufchl, and
chingok salmon (O, (shawyitscha), and probabily other
fishes {Prince and Gotshall 1976, Emmet et al. 1986).
Juveniles are eaten by many species of fish, including
starry llounder (Plafichthys stellafus), English sole
{Pleuronectes vefulus), rock sole (Lepidopsetia
bifineata), lingcod (Ophiodon elongatus), cabezon
(Scorpaenichihys marmoratus), woll-eel{ Anarrhichthys
ocellafus), rockfish, sturgeon (Acipenserspp. ), sharks,
skates, Pacific halibul (Hippoglossus sfenglepis), and
olhers (Waldron 1958, Orcutt 1977, Reilly 1983b).
Cther important predators inchede Oclopus spp. and
sea olters | Enhydra luiris) (Kimker 19855). Adults are
consumed by humans, harbor seal (Phoca wviluling),
sea lions, and gulls.

Eaglors influencing Populations: Upwelling (Peterson
1972), cannibalism (Botslord and Wickham 1978), sea
surface temperaiure (Wild 1980), sunspol number
[Love and Westphal 1881), and wind siress [Johnson
el al. 1886} have been proposed as causes lor the
cyclic natura of crababundance. The success ol ayear

class is probably determined by larval survival 1o
metamonphosis, thus faciors which influence egg, larva,
and megalopa survival are very imponam (Peterson
1873, Lough 1876, Pauley el al. 1986). Factors which
attect larval survival inciude pradation, exireme waler
temperatures, currents, and food availability (Lough
1878). Othercauses of mortality which may influence
papulation abundance include egg predation by C.
errans (Wickham 1980), megalopae predation by
galmon (Rellly 1983b), and diseases (Stevens and
Armstrong 1981). Commercial trawling kilis
approximately 53 crabs per trawling hour (males) in
California (Reilly 1983c). Finally, esluanies play a vital
role in Dungeness crab abundance. Estimates o
juvenile crab populations in Willapa Bay and Grays
Harbor showed thal these two syslems connbute
substantially to fulure crab calches (Stevens and
Armstrong 1984, 1985). Estuaries areimporant nursary
habitats for subyearling and yeariing crabs (Gundersan
et al. 1990). Hence, dredging and habitat modification
projects in estuaries should consider the patential
impacisoncrab populations (Armstrong and Gundearson
1985, Emmelt and Durkin 1985, Pauley al al. 19886,
McGraw et al. 1988).
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Leopard shark

Triakis semifasciala

2L cm

Commaon Name: leopard shark

Sciantific Name: Trigkis semifasciala

Other Common Mames: cat shark, sand tiger
Classification {Robins et al. 1980)

Phylum: Chordata

Class: Ostaichihyes

Order. Carcharhiniformes

Family: Triakidas

Value

Commercial: The leopard shark is caught and sold
commarcially year-round, but it is not normally targeted
by commercial lishermen. However, a limited longline
fishery exists in San Francisco Bay, Caldomia (5.
Smith, Mational Marine Fisheries Service, La Jofla,
California, unpubl, maniscr.). The meal is considered
excellent andis soldiresh andiresh-frozen (Compagno
1884). This species was nol sought during early shark
lisheries because s liver does nol conlain high
concantrations of vitamin A [Roedel and Ripley 1850).

Bacreatignal: This species is a valuabhke spor fish in
nearshore shallow waters of ceniral and southern
California. Imponant spor flisheries exist in San
Francisco Bay and Elkborn Slough, California (Herald
and Hipley 1851, Smith and Kato 1979).

Indicator of Environmantal Siress: Concentrations of
polychiorinated biphenyls of 46.9 ppm have beenfound
in leopard sharks in San Francisco Bay (Russo 1975),
Howevar, it is not known how or al whal levels
contaminants allect lecpard shark biglogy.

Ecoiogical: The leopard shark is ong ol the maost
common sharks inCalifornia bays and estuariss [ Talent
1973, de Wil 1975, Ebert 1986) and along southermn
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California beaches (Miller and Lea 1972). ITis the most
abundani shark in San Francisco Bay (Ebert 1988) and
is common near jellies and piers (Talent 1976),

Range

Ovarall: Overall range of this species is from Baja
Mexico, 1o scuthann Grﬂg:m. It &5 also found in the
nofham Gull of California (MiBer and Lea 18972,
Eschmeyer et al, 1983),

Within Study Area: The leopard shark inhabits most
California estuaries and bays, but Is primarily found
south of Tomales Bay (Table 1) (Meonaco et al. 1590).

Lile Mode

The leopard shark is a live-bearer; eggs are ferilized
intemnally and embryogenasis occurs within the female.
Juveniles and adults are demersal, sometimes resting
on the bottom [Feder el al. 1974)

Habitat

Type: This shark is @ neritic species lound primarily in
polyhaling 1o euhaline waters, It B most common in
walars <3.7 m deep, but may oocur down o 91 m
(Eschmayer et al. 1983, Compagno 15984). Estuaries
appear o be used as pupping and feading/rearing
areas (Ackerman 1971, Talanl 1973, Barry and Caillisl
1981).

Substrale: Juveniles and aduits preler sandy or muddy
fats, bul they may also be found over cobble boltoms,

and near rocky reels and kelp beds (Feder et al. 1974)
PhysicatChamical Characterstics: The leopard shark

i a manne specles, bul no information is avadable
concarning salindy folerances. Howavar, sharks
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Table 1. Relative abundance of leopard shark
in 32 U.5. Pacific coast estuaries.
Life

Emﬂll
|

disperse in fall and winter in San Francisco Bay during
maonihs of high freshwater outfiows (S, Smith, unpubl.
Maniescr.).

Migrations and Movements: Most adult leopard sharks
leave ERhom Slough by June, but begin 1o retum by
October (Talent 1973); juveniles have their highest
abundance in Elkhorn Slough in the summer, Tagging
studies in San Francisco Bay showed that most sharks
resided in the Bay from March lo Seplember, but
dispersed bothinside and outside tha Bay from Oclober
through February. Onetagged shark was recovered in
Elkhorn Slough, 140 km south of San Francisco Bay
(5. Smith unpubl. manuscr.). Leopard sharks may
form large schools mixed with gray or brown
smoothhound sharks {Musielus californicus and A,
Mmenigl) (Compagno 1584). Schools appear to be

momadic, spending a few hours in one location and
then moving 1o another area (Compagno 1984).
Leopard sharks often enter shallow bays and onlo
intertidal flats during high tide, retreating during ebb
tide (Compagno 1984). Unlike many sharks which are
noctumal, leopard sharks appear to be active during
daylight {Dubsky 1574).

Reproduction

Mode: The leopard shark is gonochoristic,
ovoviviparous, and iteroparous. Fertilization is infernal
and there is no yolk-sac placenta.

Mating/Spawning: Mating appears 1o occur soon alter
lemales give birth, primarily during April and May.
Mating (as observed in the Stemhart Aquarium in San
Francisco, California) is preceded by the male and
temale swimming rapidly together and the male holding
the female's left pectoral fin in his mowth. By twasting
his body under hers, the male is able 10 inser his lefi
clasper into the famale’s cloaca. Hence, Coilus ocours
whiba swimming, with the male relaining the female’s
pecioral finin his mouth the entire fime (Ackerman
1971). Females give birth from March through August,
with an April or May peak (Ackerman 1971, Talent
1873, 5. Smith unpubl. manuscr.).

Eacundity: Litter size is 4-29 pups (Compagno 1984).

ﬂmwlh ll’lﬂ Uﬂvalnpmant

i B = Eaﬁdmhp
wrll'unll'refamala mmm racaive nourishment from
the temale (Jones and Stokes Associales, Inc. 1981).
Embryonic development is direct and intemal. The
required developmenital period forembryos appears 10
be 10-12 months (Ackerman 1971).

Age and Size of Larvae: There is no larval slage;
smbryonic development is direct and infernal,

Juvenile Size Range: Young are 18-20 cmlong at birth
(S. Smith unpubl. manuscr.).

Agaand Size ol Adults: Females may take 12-14 years
and be 110-129 cm long belore reaching maturity.
Males mature earlier and at smabler sizes than lemales
{Ackerman 1971, Compagno 1984). The maximum
recorded langth is 1.8 m. Growth is apparenily slow,
lagged fish grew only 1.4 cmiyr (S. Smith unpubl
manuscr.). Calcilied rings (uselul for aging a fish) ane
laid down in venebral cenlra sometime between May
and Seplember each year (Smith 1584},

Food and Feeding
Trophic Mode: Juveniles and adulls are camivanous,
feeding primarily on benthic and epibenthic crustacea,




Leopard shark continued

Howaever, large adults also feed on pelagic fishes such
as northem anchovy | Engrawlis mondax) (Russo 1875).

Eood lams: Young, smallar loopard sharks feed haawly
on crabs (e.g.., yellow shore crab, Memigrapsus
oregomensis) and other crustacea, As leopard sharks
grow (B0-130 cm long), echinuroid worms | Urechis
caupa), lish eggs, and clam siphons bacome important
pray. Larger adults (=130 cmin length) feed primarily
on fish (Ackerman 1971, Russo 1975, Talent 1976).
Commen preyinclude ghost shrimp | Calianassaspp.).
rock crabs (Cancer spp.), oclopus (Octopus spp.),
shiner perch (Cymalogaster aggregata), arow goby
(Clevelandia ios), Pacific heming (Clupea pafasi),
lopsmell [Athevinops affinis), and norhern anchovy
(Talent 1973, Russo 1975, Talent 1976).

Biological Imeractions
Pradation: The leopard shark probably has no major
predalors excepl man.

i - Recent reductions in
shark numbers in San Francisco Bay may be due lo
reduced salinity, warmwater, orover-harvesting {Ebert
188&). Populalions may also be adversely alfected by
poliuianis {Russo 1975). High pesicide concemrations
in the livers of lecpard sharks may relate 10 its benthic
teading habits and preference for nearshore habitat. A
large shark cee-off of unknown origin occurred in San
Francisco Bay in 1967 (Russo and Herakd 1968).
However, a connection between pollutant loads and
die-offs has nol been established.
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Green stur geon

Acipenser medirostris
Adult

Common Name: green sturgeon

Sclentific Name: Acipenser medirosins

Other Common Names: Sakhalin sturgeonor steryad
in USSR (Scott and Crossman 1573)

Classification {Robins et al. 1980)

Phylum: Cherdata

Class: Osteichthyes

Order; Acipenserilormes

Family: Acipenseridae

Value

Commercial: The green sturgeon is commaercially
caughl with while sturgeon (A. fransmontanus) in the
Columbia River estuary, Grays Harbor, and Willapa
Bay, Washington. I is not as valuable as the white
sturgeon because ils meat Is considered Inferdor. The
green slurgeon is often captured while gllinetling for
salmon [ Oncorhpnchus spp.) in estuaries. The green
sturgeon is rarely caplured in the trawl fishery. In
Washingion, an average of 4.7 and 15.91 are annually
landed in Grays Harbor and Willapa Bay, respectively
{G. Kreitman, Washington Department of Fisheries,
Battle Ground, WA, pers. comm.). Il is the piamary
bottomfish landed in Willapa Bay. In 1988, during a 4-
day commercial slurgeon seasen in the Columbia
River estuary, 5,000 green sturgeon were captured (5.
King, Oregon Department of Fish and Wildlife,
Clackamas, OR, pers. comm. ). The grean sturgeon is
also gilinetied by Mathve Americans in Grays Harbor
and the Klamath River, Caklomia.

Becreational: The green sturgeon is incidemally
caplured during the while sturgeon sport fishery in
many esluanes. Howeaver, this spedies does nolappear
1o take a hook as readily as the white slurgeon.

Indicator of Environmental Stress: Since the green
sturgecnis long-lived, itmay concentrale contaminants.
However, ng chemical body burden inlgemation is
presently available,

Ecological: This species ks not highly abundant in any
Pacific coast estuary, and very little Is known about iis
life hisiory (spawning areas, manne distributions,
migrations, eic.). The green slurgaon is mons manine-
oriented than white sturgeon and spends limited timain
fresh water (excepl perhaps early |[uveniles and
spanwning adulis).

Range:

Cheargll: The green sturgeon’s overall range is along
the Pacific coast from Ensenada, Mexico (Moyle 1976)
to sculheast Alaska. It is also found In Asla (nonh
Japan, Korea, and Sakhalin) (Wydoski and Whilney
19748).

Within Study Areg: This species occurs inlowerreaches
of larger rivers. 0 appears o be the mosl common
sturgeon in the Klamath River (Fry 1973, Tuss et ai.
1387) and Willapa Bay (Table 1).

Lita Mode

Eqggs, juveniles, and adults are alldemearsal. Eggs are
probably similarto thewhite stungeon's, being adhesive
to substrates after fentiization. Larvae, juveniles, and
adults are benthic feeders.

Habitat

Iype: Green sturgeon larvae have not been positively
identified, but they probably inhabst simitar benthic
Ireshwalar areas as dowhite sturgeon larvae (Slevens
and Miller 1970). Juveniles may occur in shallow water




Green sfurgasn continued

Table 1. Relative abundance of green sturgaaon
in 32 U.S. Pacilic coas! esluarnies.
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(Radike 1965), and probably move todeeper and more
saling areas as they grow. Adulls are euryhaline and
reside in sublidal areas.

Subsirate: Spawning substrate is probably similar to
that preferred by other sturgeon, (i.e., [arge cobble).
Adults and juveniles are found primarily on clean sand.

in rrmrlm. Hmamn and Imshwal.arh:ﬂrlals (Radtke
1966). Adulls are primarily marine.

Migrations and Movements: Juveniles are commaon in
freshwater areas of the San Joagquin Delta, Cakfomia,
in summer {Radike 1966), and alsointhe lower Klamath
River (Tuss et al. 1987). Juveniles migrate out to sea
belore they are two years old and primarily during

summer and fall. Juvenile emigration through the
lower Klamath River may peak in September (CH2M
Hill 1985). Juveniles appear to remain near estuarnes
at first, but as they grow, they can become highly
migratory and move out to nearshore walers. Adults
appear 1o move into estuaries and rivers to leed and
spawn (riverine areas) in spring and early summer.
The green siurgeon seldom migrates far up rivers of
estuaries in Oregon or Washinglon, but may migrale
extensively upthe Klamath and Trinity Rivers, California.
Some travel long distances in the ocean; lish lagged in
the Sacramanto-San Joaquin estuary have been
collected from the Columbia River and Grays Harbor 1-
3 years later (Miller 1972). Adull immigration fo the
Klamath River occurs between late February and late
July (CH2M Hill 1985). Adults appear to migrate back
to the ocean during summer and fall,

Reproduction

Mode: The green sturgeon is gonachoristic, oviparous,
and itenoparcus. It is a broadcas! spawner; Bggs ane
fertilized externally.

Mating'Spawning: Spawning occurs in the Klamath
Riverand perhaps in the lower reaches of other rivers.
The only known spawning site in the U.S.5.R. is the
Tumnin River (Artyukhin and Andronov 1990). Adults
spawn in spring and early summer in California, and
between March and July (with a peak from mid-Aprl 1o
mid-June) in the Klamath River (CH2M Hill 1285).
However, three gravid females ware caplured during
fall in the Columbia River estuary (G. Kreitman,
Washington Depariment of Fisharies, Baltle Ground,
WA, pers. comm,). Females broadcast spawn near
appropriate substrate (believed 1o range from clean
sand to bedrock) and at relatively fast water flows.
Water depths in spawning areas are probably greater
than 3 m.

Eecundity: Fecundity ranges from &0,000 to 140,000
eggs per lemale (Aryukhin and Andronayv 1980).

Growth and Development
Bocause aggs and larvas have not been described, the
following information is inferred from what is known for

whila sfurgeon, a very similar species,

Egg Size and Embryonic Developmenl: Eggs are
probably 4 mm in diameter and darkly psgmented

(Wanget.al. 1385). Embryonicdevelopment is indirect
and external. Time to hatching is 196 hours at 12.7°C

{Artyukhin and Androngy 1220).

Age and Size of Larvae: Larval development has not
been described, but larvae in the LS. may ba 8to 19
mm [Kohlhorst 1976). Larvaginthe U.S.5.R. are about
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Iﬁn :Imm long at hatching (Artyukhin and Andronov
1990).

Juvenie Size Bange: Minimum juvense size isunknown,
but 1z probably 2.0 cm; mazimum juvenile size is
probably about 1.5 m.

VAdults canreach alengthol 2.1
m and weigh 138 kg (Han 1973). Very little age dala
exisis, bul the estimated maximum age for Klamath
River gresen sturgeon is 60 years (CHZM Hill 1985).

Food and Feeding

Trophic Mode: Larvae initially feed on their yolk sac.
Juveniles and adulls are primarily carnivorous benthic
leedars,

Ecod items: Young feed on benthic invertebrales.
Adults and larger juveniles feed on benthicinvertebrates,
epibenthicinvertiebrates, and small fish (Radike 1966).

Biological Inleractions

Predation: Eggs, larvae, and small juveniles are
probably preyedupon by numerous lish species. Large
green sturgeon have lew known predators excepd for
man and some large marine mammals.

Eaclors influencing Populations: River flow (Khoroshko
1972, Kohlhorst 1980}, water temperature, and salinity
may aflect survival of larvae and juveniles.
Bioaccumulation of polychlorinated biphenyls or other
comaminanis may reduce sturgeon survival, The
overall number of adult lemales in the population may
be impartam because they malure lale in life and
probably not all females spawn every year. Very litthe
i known about this species and there 5 need lor mare
research inlo all aspects of its biclogy and ecology.

References

Aryukhin, E. M., and A. E. Andronov. 1990. A
morpholegical study of the green sturgeon, Acipenser
medirosirs (Chondrostei, Acipenseridae), from the
Tumnin {Datta) River and some aspects of the ecology
and zoogeography of the Acipanseridae. J. lchthyol.
anT11-22.

CH2M Hill. 1985. Klamath River basin fisheries
resource plan. U.S. Dept. Inter., various pagination,

Fry, D.H., Jr. 1973, Anadromous fishes of California.
Calil. Dept. Fish Game, Sacramento, CA, 41 p.

Har, J. L. 1873. Pacific fishes ol Canada. Fish. Res.
Board Can., Bull. No. 180, 740 p.

Khoroshka, P. M. 1872, The amount of waler in the
Volga Basin and its effect on the reproduction of
sturgeon [Acipenseridas) under conditions of normal
and regulated discharge. J. ichthyol. 12: 608-615.

Kohihorst , D. W. 1976, Sturgean spawning in the
Sacramanto Riverin 1873, as determined by distribution
of larvae. Calif. Fish Game 62(1):32-40.

Kohlhorst, 0. W. 1980. Receni trends in the whila
sturgeon population in California’s Sacramenio-San
Joaquin estuary. Calil. Fish Game 66(4):210-219.

Miller, L. W. 1872. Migrations of sturgeontagged inthe
Sacramento-San Joagquin estuary. Calil. Fish Game
58(2):102-106,

Moyle, P. B. 1976. Inland fishes ol California. Univ.
Cali. Press, Berkeley, CA, 405p.

Radtke, L. D. 1966, Distribution of smell, pvenie
siurgeon, and starry flounder in thie Sacramenta-San
Joaquindalia with cbservations onlood of stiurgeon. 'n
J. L. Tumer and D. W. Kellay (compilars), Ecological
sludies of the Sacramento-San Joaguin defta, Par i,
Fishas of the della. Call. Fish Game, Fish Bull.
136:115-129, .

Robins, C. R., R. M. Bailey, C. E. Bond, J. R. Brogker,
E. A. Lachner, R. N. Lea, and W. B. Scolt. 1980. A list
of common and scientific names of lishes from the
United States and Canada. Am. Fish. Soc. Spec. Publ.
Mo, 12 Am. Fish. Soc.. Bethesda, MD, 174 p.

Scatt, W.B.,and E. J. Crossman. 1973, Freshwater
fishes ol Canada. Fish. Res. Board Can,, Bull. Mo. 184,
866 p.

Stevens, D.E., and L. W. Miller. 1970. Distribution of
sturgeon larvae in the Sacramento-San Joaguin River
system. Calif. Fish Game 56 (2):80-86.

Tuss, D., T. Kisanuki, J. Larson, J. Polos, and T.
Frazer, 1987, Klamalh River lisheries imvestigation
program. Annual Rep. 1986. U.S. Fish Wildl. Serv,,
Arcata, CA, 93 p.

Wang, Y. L., E. P. Binkowski, and 5. |. Doroghov. 1985,
Effect of temperature on early development of white
sturgeon and lake sturgeon, Acipenserfransmonianuys
and A. fulvescens. Env. Biol. Fish. 14 (1) 43-51.

Wydoski, R. S.,and B. R. Whitney. 1879, Inland fishes
of Washington. Univ. Wash. Press, Seatlle. WA,
220p.




THIS PAGE INTENTICHALLY LEFT BLANK



White sturgeon

Acipenser transmontanus
Adult

Commaon name: white sturgeon

Scientific Name: Acipenser transmontanus

Other Common Names: Pacilic sturgeon, Oregon
sturgecn, Columbia sturgeon, Sacramento sturgaon
Classilicallon [Robins et al. 1380)

Phylum: Chordata

Class; Osteichthyes

Order: Acipensilormes

Family: Acipensendae

Value

Commercial: The white sturgeon is primarily captured
incidentally while gillnetting for salmon (Oncorhynchus
spp.), but has recently become a target fishery. Inthe
Columbia River, 199 twerelandedin 1985, Washington
State total landings were nearly 46 1 in 1985 (G.
Kreilman, Washinglon Depariment of Fisheries, Ballle
Ground, WA, pers. comm.). Roe is valuable caviar.
Columbia River siurgeon production is second only to
the total Soviel Union production. This species is an
important fish for Native American fishermen in the
Columbia River and Klamath River, California. Private
aquaculture operations in California are capable of
producing a 4.5 kg fish in 30 months [Anderson 1988).

Becregtional: The white siurgeon is the focus of an
inlense sport fishery in the ower Columbia River:
B2 400 were landed in this lishery during 1987 {Bohn
and Mcisaac 1588). Spor lisheries also exist in the
Sacramento-San Joaquin Deha of Calfornia, Willapa
Bay, Washington, and other estuarnes.

Indicator of Environmental Stress: River flow may
altect larval dispersal and survival. Because ol its kong
life span, the white slurgeon may concentrale pollutants
in its Nesh, Metabolites from aromatc hydrotarbons

found in the bile ol white sturgeon identified their
axposure 1o petroleum hydrocarbons from an oil spill
(Krahn et al. 158&),

Ecological: Althoughthe white sturgeonis anadromous,
it iz capable of complating itz antire life cycle in fresh
water. Il generally spawns in large rivers and spends
time in both marine and fresh water. However, dams
have crealed landiocked populations because tha
species doas not normally use fish ladders.

Range

Overall: The white sturgeon’s overall range is from
Ensenada, Mexico (Moyle 1976) o Cook Inlet in
norbwestern Alaska (Wydoskl and Whitney 1973).

Within Study Arga: This species is found in most
asfuaries onthe Pacific coast from San Francisco Bay,
Calitornia, north to Grays Harbor, Washington, but is
rare in Pugel Sound and Hood Canal, Washington
(Table 1), It is most commeon in estuaries of large
fivErs.

Life Mode

It is principally an anadromous species.  Adulls,
juveniles, and eggs are demersal. Eggs are adhesive
after lertilization.

Habitat

Tvpe: Larvae and very young juveniles are rnverine,
Dider juveniles and adulis are found in riverine,
estuaring, and marine waters. Howewver, the older lile
slages are primarily found in nvering and estuaring
areas. The white sturgeon is not usually foeund in
intertidal areas, although it may feed on imertidal flats
at high tide. Water fiow is imporiant tothe downstream

-
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Table 1. Relative abundance of white sturgecn
in 32 U.5. Pacific coast estuaries.
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movement ol larvase, Subyearlings are comman during
the summer in shallow freshwater areas of the San
Joaquin Delta (Radike 1966). In the Columbia River,
small juveniles appear to prefer deap-water channal
habi#at.

Substrale: Adults and juveniles occur on a wide range
of sediment iypes, ranging from sandy-mud andcoarsa
sand to cobble. Spawning substrate is large smooth
cobble o boulders.

EhysicallChemical Charactarislics: Best egg
development and survival in a haichery is 14-16°C,
although incubation is possible from 10-18°C (Wang et
al. 1985). The white sturgeon is a euryhaline species,
althoughyounger and smaller fish do nol esmoregulate
aswell az larger, older individuals (McEnroe and Cech

1985). Eggs. larvae, and small juveniles are found only
infreshwater. Olderjuvenies arecommon in freshwater
areas of the Columbia River estuary.

Migrations and Movements: Initially after hatching (in
a hatchery or laboratory), fry are found throughout the
watercolumn. Within 5to 6days, fry becoma negatively
phototaxic and primarily benthic (Conte et al. 1988)

General movemnants lor juveniles and adulls exist, but
no “migration” has been established. Large whie
slurgeon appearto move upsiream o spawnng grounds
in late winter and spring and downstream in fall and
winter (Miller 1972). Movement is probably related 1o
both spawning and feeding conditions (Bajlkov 1851).
Some individuals move mvely (between Caklomia
and Oregon or Washington), but most do not (Stockley
1981). The creation of damsfimpoundments has
created isolated populations. Sturgeon in estuaries
may move onio intertidal fiats to feed during high tide.

Reproduction

Mode: Thewhite sturgeen is gonocharistic, oviparous,
and ileroparcus. I is a broadcasl spawner; eggs are
ferilized extemally.

Mating/Spawning: Spawning occurs during the spring
in areas with swift currents and large cobble orboulders.
Peak zpawning in the Sacramenio River occurs al
14.4°C (Kohlhorst 1876). In the Columbia River,
spawning apparently occurs at temperaturas of 13-
20°C (end of May 1o early July) balow John Day Dam
{Palmer et al. 1988), and 10-16°C below Bonneville
Dam (kate April to early July) (McCabe and McConnell
1983). Females do nol spawn annually, bul gvery 3-5
years. They broadcasl spawn near approprials
substrate and water flow; no nest is built,

Eecundily: The white sturgeon is very fecund; a 2.7 m
lang female in Calfomia contained 4.7 million eggs
{Mayle 1976).

Growth and Development
i i :White sturgeon

EggSize and Embronic Developmeant

agps are 4.0 mm in diameter, and darkly pigmanted
{Wang et al. 1985). Eggs hatch in approximately seven
days (depending on temperature) (Conle & al. 1988).

Age and Size ol Larnvae: Caplured larnvae ranged from
8-18 mm intclallength (Kohiharst 1976), while culiured
larvae averaged 12.6 mm (Wang ef al. 1385). Fry yolk
sacs are depleted and active feeding begins
approximately 12 days after haiching (Anderson 1988).

Juvenila Size Bange: Newly-metamomphosed juveniles
arg about 20 mm long. Older juveniles may be 1.2 m
or longer belors maturing,
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Age and Size of Adulls: The white sturgeon is a very
slow-growing, late-maturing fish. Growth and maturity
are highly variable. In Caklornia, females maiune at
appraximately 11 years and 1.2 m long (Moyle 1976).
in Cregon, some female white slurgeon mature at
about 15 years and 1.7 mlong (Stockley 1381). Males
mature earber and at a shorier length. The life spanol
while sturgeon is unknown, but probably exceeds 100
years. There are reporis of some fish weighing more
than 816 kg and almast 6 m long (Andarson 1988).
White sturgeon are Monh Amernica’s largest freshwater
figh.

Food and Feeding
Trophic Mode: Larvae feed ontheir yolk sac. Juveniles
and adults are primarily benthic camivores.

Eood items: Very small juveniles probably feed on
banthic algae and small invedebrates.  Juveniles
consume benthic and epibanthic invertebrales,
including amphipods, shrimp, mysids, bivalves, and
insect larvae (Radtke 1966). Larger juveniles and
adults feed on benthic invertebrates and fish such as
sulachan{ Thaleichifnys pacificus and nortthem anchovy
(Engraulis mordax). They also feed on clams,
amphipods, Crangonshrimp, ghost shrimp | Callianasa
spp.), mud sheimp (Upogebia spp.), and other banthic
invertabrates (Semakula and Larkin 1968, Muir e al.
1988). Optimum growth of hatchery juveniles occurs
whenfed a diet consisting of 409 crude protein (Moora
et al. 1988). The optimal feeding rate for subyearfings
at 18°C is between 1.5 and 2.0% of their body weight
per day (Hung et al. 1589).

Biological Interactions

Pradation: Eggs. larvae, and small juveniles are
probably preyedupon by numerous fish species. Larger
juveniles and adult white sturgeon are primarily taken
by man, however, some may be eaten by marine
mammals.

Factors Influencing Popufations: Dams have created
landlocked populations and destroyed spawning
grounds. Boaccumulation ol confaminanis such as
polychlorinated biphenyls may inhibit growth and impair
egg and larval survival (Parsley e al. 1983). High
lemperalures (>20°C) may reduce larvalviability (Wang
et al 1585). Overfishing could reduce the adull
spawning stock, although present regulations prohibil
laking fish longer than & & (1.8 m total length) in
Oregon, Washington, and California. Reduced river
fiows may also hinder sturgeon production (Khoroshko
1972},
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Alosa sapidissima
Adult

25om

Common Mame: Amercan shad

Sclenlific Name: Alosa sapidissima

Other Common Mames: Atlanticshad, Polomac shad,
shad, whileshad, comman shad, Noerdh River shad,
Connecticut River shad, Alose (Scolt and Crossman
1973)

Classification (Robins et al. 1980)

Phylum: Chordala

Class: Osteichthyes

Ovder; Clupeilormes

Family: Clupeidas

Value

Commercial: The Amancan shad was infroduced o the
Pacilic coast in 1871, 1885, and 1886 (Craig and
Hacker 1940). It has since proliferated and now s
highly abundant in many weastem rivers and estuares.
Average minimum run size for the Columbia River is
=1.4 million ishftyear for the past five years (Bohn and
Mcizaac 1588), Inthe Sacramento-SanJoaquin River,
California, run sizes range from 0.7 to 4.0 million lishy
year. Commercial ksherman primarily use gl nets los
this species. The commercial harves! ol shad in
California rivers was lerminated in 1957 [Stevens el al
1987) due lo conflicts with salmenid {Oncorhynchus
spp.) resources and spor anglers. Large Pacific coast
commercial caiches were once common, but only
small catches presently occur because of poor market
demand and conflicts with the icidental catch of
salmonids. In Oregon, i can only be commercially
caught inthe Columbia River, In 1987, 1591(121,000
fish) were caught in the Columbia River (Bohn and
Meclsaac 1988).

: The American shad i considared a good
sport lish lor lighl tackla, bul an infense Pacic coast

—

a0

sport fishery (such as for salmonids) has not developed.
The Sacramento River harvest is all recreational (Moyle
1976).

Indicator of Environmental Sirgss: This species isvery
lemperature-sensitive and many aspecis of its lile
cyche are cued by specific lemperalures.

Ecological: The imtroduction of American shad to the
Pacific coast does nol appear 1o have displaced native
species, but compatition may occur. Juvenile shad in
fresh waler and estuanes are prey for salmonids and
many other fish and birds.

Range

Chrarall: The Amencan shad is lound along the east
coast of Morth America from Flonida to Newfoundland.
It also ranges along the Pacilic coast from San Pedro,
Cealifornia, to Cooks Inlet, Alaska, and the Kamchatka
Peninsula onthe Asiatic side of the Norh Pacific [ Scolt
amnd Grossman 197.3).

Within Siudy Aréa: Thisspeches isfoundinall esluanes
that have rivers with appropriale spawning habilat, bul
primarnily occurs lrom San Francisco Bay, Califomia, 1o
Puget Sound, Washington [Table 1).

Life Mode: Eggs are semibuoyant and loal downstream
rear the botlom in slow cuments. Larvae, juveniles,
and adulis are nektonic and pelagic.

Habitat

Typa: Eggs are demersal. Larvaa are pelagic, but are
found in shallow water, primarily along river bank
areas. Juveniles and adults arealso pelagic. Juvenilas
rear in rivers and estuanes balore moving olfshora




Amarican shad confnued

Tabla 1. Relative abundance of American shad
in 32 U.S. Pacific coas! estuaries.
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Reservoirs appear 1o be ideal rearing habitat for
juveniles, tharefora, the development of reservoirs on
theColumbia and cther rivers appears iohave benafEied
this species,

Subsirate: Larvae, juveniles and adults are not substrate
selective. Spawning occurs over vanous subsirates,
bul primarily over clean sand and gravel.

tsa-&uryhalim anadrnrrmsspmm Eggscaniolerate
moderale salinities (7.5-15.005.), depanding on water
lemperatures (Facey and Van Den Awvyle 1986).
Juvaniles rear in both freshwater and estuarine habitats.
Adults apparently nead twa or three days in estuaries
1o acclimale 1o fresh water (Weiss-Glanz et al. 1985).
Adulls reside within a lemperalure range of 3-15°C

while in the ocean (Meves and Depres 1878), and their
migration patterns are closely linked with water
temperature. Optimum temperatures lor 8gg survival
are 15.5-26.6°C (Leggelt and Whitney 1972). Dissolved
caygen (DO) levels above 4.0 mgyl are needed for
spawning (Facey and Van Den Avyle 1986) and DD
levels above 2.5-3.0 mgd (perhaps 5.0 mgf) are
nacessary Tor all life stages (Facey and Van Den Avyle
1986, Weiss-Glanz et al. 1986). Spawning occurs in
water flows of 30.5 to 81.0 cm/sec.

Migrations and Movements: Juveniles begin their
downsiream migration in late summer and fall when
walerlemperature approaches 15 5°C. Most juvenies
will migrate out to sea before winter, but some may
reside marethana yearin rivers and estuaries (Stevens
et al 1987). Aschooling species, adults return primarily
1o their natal river, but there is some straying. Adults
beginenierng estuaries whenwaler iemperalures arg
10-15°C, and typically remain there for two or three
days belore moving upstream (Leggett and O'Boyle
1976). Adult upstream migration lypcally peaks in
spring when the waler lemperature is near 18.5°C,
usually May to June on the Pacific coast (Leggett and
Whitnay 1972). Inthe ocean, adults appear to migrate
vertically, following the disl movements of zooplankion
{Neves and Depres 1879), Adults and ocean-dwelling
juveniles may be lound down to 340 m depth, but most
reside within the 50-100 miscbath (Neves and Depres
1979). The American shad is highly migratory; for
axampie, individuals have been caught 3,000 km from
where thiay were lagged (Whitehead 1985).

Reproduction

htode: The American shad is gonochoristic, oviparous,
and iteroparous (although many die alter spawning). I
is a broadcas! spawner; eggs are fenilized extamally,

Mating'Spawning: This species returnslois natal rivar
1o spawn. Spawning usually occurs at temparatures of
14-21°C during spring and early summar in the
masnstemod meers. Many shad diesoonafter spawning,
with posl-spawning survival highest in norhern
esluaries. Spawners prefer shallow waler in genily
sloping areas with sand or gravel subsirates. Most
spawning probably occurs during late afternoon and
evening (Facey and Van Den Avyla 1986). Befora
spawning, malkes may chase lemales into a tigh! circle
and spawning is olten indicated by splashing at the
surface.

Eecundity: Spawning lemales release 30,000-300,000
eggs, depending on their body size (Moyle 1976). On
the Atlantic coasl, American shad fecundity is reparted
to range from 100,000-800,000 egas per femala {Facay
and Van Den Avyle 1588),




Amencan shag conlinued

Gmwth a:nd Dﬂlhp'l'l-l-lll.

plopment: Eggdiameters
a:aE Hﬁmnaltarlaﬂllzamn (Walburg and MNichois
1967). Eggs are nonadhesive and slighity heavier than
water. Eggs need adequale waler circulation during
incubation (Facey and Van Den Avyla 1986). Embryonic
development is Indirect, and eggs hatch in 4-5 days at
15-18°C.

' Larvae are 7-10 mam long at
hatching and develop inte juveniles in 4-5 weeks and
25 mm kong {Walburg and Nichols 1967).

i » The minimum size of juveniles is
aboutl 2.5 cm. Sexual maturity is reached when this
species is about 30-40 cm long.

Age and Size of Adults: Mature shad range from 30-76
cm total kength, with males lypically being shorter and

younger than females. Males are usually three years
old and lemales lour years old when thay firs] mature
iMoyle 1978). Shad may Evafor seven years (Clameans
and Wilhy 1981).

Food and Foeding
Trophic Mode: Larvae, juveniles and adulls are
planktivorous,

Eggd ilems. American shad larvae eat small
zooplankion (copepods and cladocerans) and midge
larvae and pupae (Facey and Van Den Avyle 1986).
Rivering- and estuarine-dweling juveniles consume
primarily zoopiankion, such as capepods, cladocerans
{ Daphnia spp.), amphipods ( Corophium spp.), mysids
{Neomysizspp.), and shrimp { Crangon spp. ) (Stevens
1966, Hamrmann 1982), Juveniles also eal agqualic and
terrastrialinsects. The dietof American shad in Pacific
coast manne walers is nol well-studied, but likely
consisls of euphausiids, copepods, decapod larvae,
cephalopod larvae, and probably small fishes (Han
1973, Brodeur el al. 1987).

Biological interactions

Eredation:  Young shad in rivers and esleanes are
eaten by while sturgeon (Acipénser ransmanianus),
juvenile salmonids, waleye { Shizostedian wirawm), bass
(Micropterus spp.). striped bass (Morone saxatifs),
gulls, osprey | Pandion halaetus), bald eagles ( Hallaelus
levcocephalys), harbor seals [(Phoca viludng), and
octher large predalors. Alter moving ofishore, they ane
probably prey lor sharks, luna, porpolses, sea lions,
salmonids, and other plscivorous fishes.

Faclors Influencing Populations: Alteration of
lemparature regimes can aflect all life stages [Leggelt
and Whitney 1972, Facey and Van Den Avyle 1386).

Shad year-class strength appears o ba datermined by
river flow and waler lemperalures during and
immediately afler spawning (Leggelt 1975). Larval
survival ulfimately determines year-class strength
(Crecco and Savoy 1885). High river flows during
spawning and early life stages positively allect
population abundancesinthe Sacramenio-San.Joagun
river systems (Stevens el al. 1887). Probably the
largest factor influencing populations on the Pacific
coast has been the crealion of dams and resenvoirs,
which has both crealed and desiroyed habital. Waler
irmigation projects can also have an adverse affect on
shad populations {Stevens et al. 1287) and proper dam
bypasssystemsior adulls and juvenles are NECESSary.
On the Pacific coast, commercial fishing is presently
limited due to imited markels and the incidenal catch
of depressed salmonid stocks.
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Pacific herring

Clupea pallasi

acm

Common Name: Pacilic herring

Scientific Name: Clupea pallasi

Other Common Names: California herring, Ches-
Pechora herring, eastern heming, hering, Kara herring,
Pacific Ocean herring, seld, while sea heming
Classification (Robins at al. 1980)

Phylum: Chordata

Class: Osteichthyes

Order: Clupeiformes

Family: Clupeidas

Value

Commercial: The Pacific herring has a long history of
exploitation. It has been sold fresh or saffed and also
used for fish meal. Since 1985, the fishery has
concenirated on gravid lemales lor roe (eggs), which
are exporied primarily to Japan, Presently, over 30%%
of the Pacific heming caught are in the roe fishery.
Fishermen lake advanlage of the Pacific heming's
nalural spawning cycle by fishing in nearshore areas
when i spawns. They are primanly caught by purse
soing and gill net. Recent LS. annual harvests have
been 52,600 t. worth 347 million (Mational Marine
Fisherias Service 1986). The San Francisco and
Tomales Bay, California, fishery alone is wonh $11
milion (Suer 1987). Most LS. harvest comes from
Alaska, California, and Washinglon. Since spawning
adults are highly vulnerable o ovarfishing, the fishery
i5 sirictly regulated (Grossaand Hay 1983, Commercial
bait fisheries (which harvest juveniles) axist in Puget
Sound, Washington, and other Pacific coas! estuaries
(Trumble 1983).

Becreational: The Pacific harring is used as bail lor
Pacific salmon [ Oncorhynchus spp.) and clher fishas.
However, some arg caught for human consumplion.

indicatorof Environmental Siress: Herring larvae appear
o have high mortality rales in oil-comaminated waler
(Melson-Smith 1973). The water-scluble fraction of
crude ol reduces larval feeding and growih at low
concentrations and moralities al high levels (Lassuy
1989). Populations show wide fluctuations in
abundance, apparently related 1o environmental
conditions (See “Factors Influencing Populations™), and
are affected by allerations ol bays and estuaries
(spawning habitals),

Ecolcgical: Seasonally, . pafiass is one of the most
abundant speches in Pacific coast marine and estuaring
nerfic zones, Juveniles are highly abundant in many
Pacific coast estuaries in summer. They are imporiant
pray for many marine species (e.g., Pacific salmen,
seals, and gulls).

Range

Cvergll: The Pacilic herring iz Arctic-circumboreal. In
ihe eastern Pacific # ranges from Ensenada, Baja
California, 1o 51, Michael Island and to Cape Bathurst
inthe Beaufort Sea (Hart 1973). tis also found in Arctic
walers from Coronation Gull, Canada, to the Chukchi
Sea and the USSR arctic. In the westem Pacific, itis
found to Toyama Bay, Japan, west to Korea, and the
Yellow Sea (Haegele and Schweigarl 1885, Wang
1586).

Within Study Area- This species is found in most Pacific
coast estuaries north of San Diego, California, but
occurs primarily nerth of Point Cenception, California
{Table 1).

Lite Mode
Eggs are adhesive after ledilization and attach to




Pacific harring conlinusg

Tabde 1. Relative abundance of Pacific herring
in32 US. Pacific coasi astuanas.
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benthic subsirales. Larvae, pivendes, and adults are
pelagic, schooling nekion.

Habitat

Iype: Eggs are kaid in intentidal (3.7 m above mean
lower low water) and subtidal areas (1o 20 mdepth). but
normally occur i +1 fo -2 m depth.  Larvae and
juveniles are nertic and adults are neritic-oceanic
{Eldridge and Kaill 1973, Suer 1987).

Subsirate: Eggs are found on eelgrass (Fosteraspp.),
algae, wbe worms, Pacilic oysters [ Crassostrea gigas).
hydroids, driftwood, pilings, brush, rocks, and rocky-
sandy bottoms (Garrison and Miller 1882). Larvae,
juvenites, and adulis occur throughout the watier columin.

EhysicalChemical Characienstics: Eggs can lolerate

temperatures of 5-14°C and salinities of 3-33%.
{Haegele and Schweigert 1985). Larvae aretolerantol
salinities ranging from 2-28%. (Alderdice and Velsen
1971, Alderdice and Hourston 1985). Best spawning
salinities in British Columbia are 27.0-28.7%.. (Alderdice
and Hoursion 1285). Optimum lemperalures and
salinities for egg and tarval survival appear 1o ba 5.5
B7°C and 13-19%. (Alderdice and Velsen 1871).
Howevar, spawning temperatures in California are
normally above 8°C (Barnhart 1988). Salinity tokerances
of larvae are allected by temperalure and salinity
during egg incubation (Alderdice and Hourston 1385).
Turbidity in estuaries may increase larval survival
{Boehlert and Morgan 1385).

Migrations and Movements: The Pacific herring does
not make extensive coastal migrations, bul moves
onshore and offshore in schools as it spawns andfeeds
(Mormow 1980}, Adults typically mowve onshore during
winter and early spring, residing in "helding” areas
belore moving 1o adjacent spawning grounds. The
Pacific herring population consists of many discrele
stocks (Grosse and Hay 1983). However, offshore
distributions of adults lormany Pacific coast slocks are
unknown (Barmnhart 1988). Pacific herring retum o
natal spawning grounds to spawn. Larvae are easily
dispersed by curments, bul their behavior and kocal
currents often retain them in specific areas. Juvenilas
usually stay in nearshore shallow-water areas unii fall
when they disperse 1o deeper offshore waters,
However, they may reside year-round in some esluaries
{San Francisco Bay) (Wang 1986). Adult Pacific herring
are found down o 100-150 m, with vertical distribution
apparently controlled by temperature {Grosse and Hay
1989). Larvae, juveniles, and adulis move loward the
surface o feed al dawn and dusk (Grosse and Hay
1889).

Reproduction

Moda: This species is gonochoristic, oviparous, and
ileroparous; eggs are ferilized exiernally. It spawns
annually after reaching maturily.

Mating/Spawning: Spawning occurs from Novemberin
the southem pan of s range 10 August in the far north,
Spawning peaksin December and January in Calilornia
{Spratt 1981) and February and March in Puget Sound
(Trumble 1883). Heming spawn in the same areas
everyyear. These areas ane high-energy areas, localed
inprotected coastal habiats or bays and estuaries, and
are usually influenced by fresh water. Spawning
apparenily does not occur until a tactile stimulus (e.g.,
astorm, contact with bottom or other fish) causes some
malestoextrude milt, whichintum stimulates the entire
schoolto spawn. During spawning both sexes come in
contact with the spawning substrate (Haegele and
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Schweigen 1985). Most spawning occurs al night
(Eldridge and Kaill 1973, Suer 1987).

Fecundity: Fecundity increases with female size and
ranges from 4.000-134.000 eggs per female (Han
1973}, Fecundity ks 227 and 220 eggs/gram of female
weight in Tomales Bay and San Francisco Bay,
respectively (Hardwick 1973, Raben and Barnhan 1977).
Size-gpecific fecundity is inversely ralated 1o iatitude
(Hay 1885).

Growth and Development

Egg Size and Embryonic Development: Unfedilized
eggs are 1.0 mm in diameler (Culram 1955); 1.2-1.5
mim indiameler afterfertiization (Har 1973). Hatching
ooours in 11-12 days al 10.7°C, 14-15 days at 8.5°C,
and 28-40 days at 4.4°C (Outram 1955). Most eggs
hatch at night {Alderdice and Velsen 1971).

Age and Size of Larvae: Larvae range from 5 mm io
about 26 mm tolal kength (TL). Melamorphosis 10
juvenila begins atl aboul 26 mm TL and is compilatied by
35 mm TL (Fraser 1822, Stevanson 15B62);
matamorphosis takes aboul 2 to 3 months (Hay 1985).

Juvenils Size Rangs: Juveriles are 35150 mm TL,
depending onregion. Growth of juvenilesis dapendent
on population size and emvironmental conditions {Railly
1588).

Age and Size of Adulls: Adult lengths are from 13-26
cm TL, depending on reglon. The Pacific heming
maturesin 2 fo 3 years in California and 3 1o 4 years in
Washington. It Bves up 10 19 years and grows 1o a
maximum length of 38 em TL (Hart 1973). Morhemn
slocks ve longer than scuthemn stocks (Wang 1988,
Grosse and Hay 1983).

Food and Feeding

Irophic Mode: Larvae, juveniles, and adults are
selaclive pelagic plankton feeders, although filter
feeding has been observed.

Eood llems: Larvag consume dialoms, tintinnids,
imreriebrate and fish eggs, crusiacean larvae, molusc
larvae, and copepods. Juveniles eal primarily
crustaceans (copepods, cladocerans, euphausids,
mysids, amphipods, and decaped farvae). They also
consume malluscandlishlarvae,. Adults eal plankionic
crustaceans (copeapoads, euphausiids, and amphipods)
and fich larvas (Harl 1973, Simensiad et al. 1979,
Miller @t al. 1980, McCabe el al. 1983).

Biological Interactions
Predation: Eoggs are eaten by many species of fish,
ducks, and gulis, while larvae are prey for clenophores,

eliyfish, amphipods, chastognaths, and variouslishes.
Juvaniles and adulls are consumed by squid, sharks,
salmonids, gadids, sculpins (Coftus spp.). Engood
{Cohiedon elongaius), sand sole (Pseltichthys
medanosticius), and other lishes. They are also eaten
by many species of birds and marnne mammals, swch
as seals and sperm whalas {Physeter calodor) (Han
1873, Simenstad el al. 1979, Grosse and Hay 1983).

Eaciors Inliugncing Populations: Mo relation exisis
batween numberof eggs spawned and adul population
size (Pacific Fishery Management Council 1581). Egg
and larval moralities ara thought o be the magor
events influencing population sizes. Eggs and larvase
suffer natural moraities due to tidal lucluations,
desiccation, freezing, low ocuygen, wave action, and
predation. Approximately 98-59% of all larvae are
killad by predation, competition, and olishore transport.
In general, a clupecid year-class' strenglh appears lo
be delermined within the first § months (Smith 1885).
Other studies indicate that onshore transport, density-
dependant mechanisms, upwaliing, seatemperalures,
predation, climate fiuctuations, initial feading period of
larvas, and larval dispersal patterms may afl be impofant
in determining population abundances (Lasker 1985,
Grosse and Hay 1983). Juveniles and adulls are
affected by competition, predation, disease, spawning
stress, and fishing. Human and nalural alerations of
water quality, prey species, migration rales, spawning
substrale and habitat can also impact populations
[Alaska Depariment of Fish and Game 1985).
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Deepbody anchovy

Anchoa compressa

2em

Common Name: deepbody anchovy

Scientilic Name: Anchoa compressa

Other Common Names: California despbody anchovy,
spral, deep-bodied anchovy, sardinus [Wallord 18931,
Gates and Fray 1974)

Classification {Robinz et al. 1980)

Phylum: Chordata

Class: Osteichihyas

Order: Clupeilormes

Family: Engraulidae

Value

Commercial: The deepbody anchovy is ol Iittle
commercial value,

Becreational: This species is occasionally used aslive
bait for oiher shes (Roedel 1853).

Indicalor of Envirgnmenlal Stress: The deepbody
anchovy uses estuanes during all Me slages and may
be a good indicalor ofenvironmental streas, However,
hitle ecological research has been done forthis species,

Ecological: This is an abundan pelagic ish in many
southern Califomia estuaries (Klingbeil of al. 1975,
Heath 1980, Hom and Allen 1985)

Range
Owergll: The deepbody anchovy's overall range is from
Todos Santos Bay, Baja California. to Maomo Bay,
California (Miller and Lea 1972, Eschmayer et al
1983).

Within Study Area: It is most commonin Calilomiabays
and esluarnes south of Alamitos Bay (Table 1) (Horn
and Allen 1976).

Lite Mode
Eggs and larvae are planktonic, while juveniles and
adults are pelagic.

Habitat

Type: All ife stages live primarily in estuaries, bays,
and lagaeons, but schools of uveniles and adulls are
occasionally lound along coastal shorelines [Miller and
Lea 1972).

substrale: Because this s a pelagic species, all ke
stages ara found over various subsirates.

Ehysical/Chemical Characteristics: Population
abundances of this species were signilicantly correlated
with temperature and dissolved oxygen (Allen 1582,
Hom and Allen 1885). However, thermal and salinity
tolerances have not been denliied

Migrations and Movemenis: Adulls move from the
lower porions of bays and estuaries (o upper portions

during the spawning season (sprng and summer).
Adultz show posi-spawning movements away from
spawning areas, while juveniles reside in the upper
portions of bays uniil late fall and winder (Heath 1280).

Reproduction

Moda: The deepbody anchovy is gonochoristic,
oviparous, and iteroparcus. s a broadcast spawnear;
eqns are ferilized externally

Mating'Spawning: Spawning occurs from March to
August, with mosi spawning activily occurring at night
from April to June (McGowan 15977, Heath 1980,
Edmands 1983). The upper reaches ol bays and
esfuarkes are the usual spawning areas (Heaih 1380,
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Table 1. Relative abundance of deepbody anchowy

in 32 LLS. Pacilic coast esluaries,
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Edmands 1983). This species reduces compadition
withthe slough anchovy [ A. delicatissima) by spawning
in differem areas of bays (Edmands 1983).

Fecundiy: Average lecundity is about 15,000 eggs per
female (Healh 1280), Fecundity is significantly retated
1o size (1,268 eggs/g female weight) (Heath 1980).
Large temabes may lay over 28,000 eggs (Heath 1980).

Growth and Development

Eog Size and Embeyonic Develooment: Eggs are
spherical and 0.8 mm indiameter (White 1977, Caddell
1988). Embryonic development isindirect and extemal.
Time 10 hatching is probably less than 4 days.

Age and Size ofLarvae: Larvae are 1.5-2.5 mm long al
haiching and grow to about 20-25 mm beloretaking on

juvenile characteristics (Caddell 1988), probably in
aboul 30 days (Heath 1930).

Juvenile Size Range: Juveniles grow from 20-25 mmio
approximately 70 mm standard bangth (minimum) before
reaching maturity.

Age and Size of Adulls: This species may live lo 6
years, but most die belore 5 years. One-year-olds
range from 70 mm 1o about 90 mm in lenglh (Heath
1980). The largest reporied deepbody anchovy was
165 mm (Miller and Lea 1972).

Food and Feeding
Trophic ldode: All feeding life stages are planktivorows.

Food ltems: Larvae probably feed on phytoplankion
and small zooplankion. Primary prey for juveniles and
adults are small crustaceans. Major prey taxa include
calanoid, harpacticoid, and cyclopoid copepods,
ostracods, cumaceans, amphipods, and Calianassa
spp. larvae. Minor taxa eaten are polychaetes,
cligochaetes, small gastropods, mysids, lanaidaceans,
sopods, crab zoea, dipterans, small gobids, and plant
material (Klingbell et al. 1975, Hom and Allen 1985).
This species ullfizes the enlire waler column when
searching for prey (Klingbeil et al. 1975).

Biological Imeraclions
Predation: The deepbody anchovy is probably eaten
by many species ol birds and piscivorous fishes.

Faclors Influencing Populatons: The abundance of
egos and larvaa (and probably pveniles and adults) of
this species appears 1o cycle widely. The dominant
Anchea species in southemn Califormia estuanes
appears to lluctuate year to year. Some years A
comprassamay dominate in ichthyoplankion surveys,
whila inotheryears A. delicalissimaprevails. Reasons
for these wide luciuations ane unknown {Heath 1980},
Since all lde stages reside in esluaries, any estuaring
medifications or pollution directly allecis this species.
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Slough anchovy

Anchoa delicatissima

2cm

Commuon Mame: slough anchowy

Scientific Name: Anchoa delicatissima

Other Common Names: southern anchovy (Gates
and Frey 1974)

Classification (Robins et al. 1980)

Phylum: Chordata

Class: Osteichthyes

Order: Clupeilormes

Family: Engraulidas

Value
Commercigl: The slough anchowy is not of commercial
value.

Becreational: it s occasonally used as live bail for
ather fishes (Hoedel 1953).

Indicator of Environmental Siress: Since this species
uses esluares dunng all ke stages il may be an good
indicator of environmental siress, however, litlle
ecolegical research has been done lor this species

Ecological: The slough anchovy is a highly abundam
pelagic lish in many southern California estuaries
{Allen and Horn 1975, Heath 1980, San Diego Gas and
Electric 1280, Homn and Allen 1985)

Range

Dwverall: This spacies’ ovarall range s Irom southem
Baja California lo Long Beach Harbor, Calilornia (Miller
and Lea 1972, Eschmeyer & al. 1583)

Within Stedy Area: It is found in all estuaries and
lagoons from Alamilos Bay, Callornia, south through
Thuana Eswary (Table 1) (Hom and Allen 1976).

Life Mode
Eggs and larvae are planktonic, while juveniles and
adulls are pelagic.

Habitat

Iype: All life stages reside primarily in esiuaries, bays,
and lagoons. Juveniles and adulis are found
oocasionally in neritic enviranmants (Miller and Lea
1972, Heath 1980).

Substrate: All life stages are pelagis and thus found
oVEr vanous subsirates

PhysicalChemical Characteristics: The slough anchovy
will avoid tlemperatures >25°C (San Diego Gas and
Electric 1380). Salinity tolerance and toderance o
olher physical factors have not been wdentified. The
estuaries, bays, and lagoons inhabited by this species
are primanly euhaling with salinities rargly <25%.,
except during the winter rainy period.

Migrations and Movements: During spring and early
surmmar, adults move lo spawning areas and then
show posi-spawning movemeants io other bay areas
(Heath 1980). Schools are sometimes found along the
coast (Eschmeyer ef al, 1983, Love el al. 1986).
Larvae wunderdake noclurnal wverlical migrations
(Edmands 1983).

Reproduction

Mode: The sloughanchawy i ponachonstic, OVIDanLsS,
and itercparous, |1is a broadcasl spawner;, eggs are
lenilized externally,

Maling/Spawning: Spawning occurs from May to
September, with most spawning probably sccurring in
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Tabla 1. Relative abundance of skough anchovy
in 32 U5, Pacilic coast estuaries.
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July (White 1977). Spawning lakes place in bays and
estuaries al night (Heath 1980, Edmands 1983). This
species appears lospawn primarily inthe lower reaches
ol bays and estuanies, whereas the deepbody anchovy
(A. compressa) utilizes the upper reaches of bays for
spawning (Edmands 1983),

Eacundity: Mean fecundity is approximately 7,000 eggs
per female (or 1,418 eggs'g ol female weighl), with
larger flish producing more eggs (Heath 1980),

Growth and Development

Egg Size and Embrvonic Development: Eggs are
allipsoid, similarto northern anchovy { Engravlis mondax)
eqggs (Heath 1980), and are 0.94-1.10 mm maximum
width (White 1977, Gaddell 1988). Larval developmen
i indirect and external. Time to hatching is unknown,

but probably less than 4 days.

AgeandSize of Larvae: Larvae are approximately 1.5-
2.5 mm lang at hatching (White 1877, Caddell 1988).
Upperlength kmitof larval stage has not been identified,
but is probably about 20-25 mm. Metamaorphosis 1o
juvenile probably begins after about 30 days (Heath
1880,

Juvenila Size Range: Juveniles range from about 2510
50 mm in length.

Age and Size ol Adulls: The slough anchovy matures
in ong year al a minimum length of about 50 mm
(standard length). Maximum age appears toba 3 years
(Heath 1980), with maximum length about 84 mm
(Mifler and Lea 1972). Femalas tend to grow larger
than males (Heath 1880).

Food and Feeding
Trophic Mode: Larvae, juveniles, and adulis are
plankivorous,

Food tems: Calanosd copepods appear io bethe major
proy for juveniles and adults. Other prey ilems inchuda
plant material, polychaetes, oligochaetes, gammarnd
amphipods, harpacticoid and cyclopoid copepods,
cumaceans, ostracods, and cladocerans (Hom and
Allen 1985).

Biological Interactions
Predation: The slough anchovy is probably preyed on
by many piscivorous birds and fishes.

Factors Influencing Populations: This species is often
impinged on power plant intake screens during July
and Augus! in San Diego Bay (San Diego Gas and
Electric 1980). Modification and poliution of bays and
astuanes can significantly allect this species because
it spands its entire lite within these habitats (Herm and
Allen 1985). Abundance of this species appears o
cycle widely; some years the slough anchovy is the
dominant Anchoa species in Calilornia bays and other
years A, compressadominates (Heath 1980). Reasons
for the wide fluctuations are unknown, however the
siough anchovy may preler cooler temperaturas and
mare oceanic condilions for spawning than A.
compressa (Edmands 1983).
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Northern anchovy

Engraulis mordax
Adult
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Common Name: northern anchovy

Scienlific Mame: Engraulis movdax

Other Common Mames: Caliloimia anchowy, pinhead,
anchoa, anchoveta, anchovy, bay anchowvy, Morth
Amarican anchovy, plain anchovy

Classilicallon (Robing of al. 1980)

Phylum: Chordata

Class: Osteichthyes

Order: Clupeiformes

Famdy: Engraulidas

Value

Commarcial: The northern anchavy is commercially
fished from British Columbia to nohem Baja California,
Maxico, but primarily fromSan Francisco, Calitornia, to
Bahia San Ramon, Baja California. I was not
commercially mporiant until afler the collapse of the
Pacific sarding [ Sardinops sagax)lishery inthe 19408,
In 15981, over 400,000 | were landed, represanting the
20lh larges! species calch in the word (Food and
Agriculture Organization 1984). The Calilornia
commercial caich in 1581 was estimated 1o be worth
$3.2 milkon (Pacific Fishery Management Couwncil
1883}, Thisspecies s commercially fished for reduction
(i.e., fish meal and pasie) and lve bail, howeaver, the
reduction fishery has declined dramatically since 1281,

Becreational: It s themost imporant bait fish fornearly
altmaring recreatonal isheries off southem Calilormia
It is also used as baitl in Oregon and Washington for
siurgeon {Acipenserspp. ), salmonids (Oncorfynchus
spp.}, and other fishes.

Incicator of Envirgnmental Stress: Low dissolved
ceygen cancausadie-offs (Pacific Fishery Management
Council 1983), Anchovy halching success, laral

SI.Ir".rru-al juvenida feading, and gmmn are reduced
when exposad to water-soluble fractions of crude oil
(MBC Applied Environmental Sciences 1987),

Ecological: The nerharn anchovy is one of the most
abundamd fish in the California Curreni and is an
important prey for many species of fishes, seabirds,
and marnne mammaks (Frey 1971, Eschmeyer i al,
1983). Itis highly abundant in many Pacific coast bays
and estuaries during spring, summer, and fall. Elegant
tarn ( Thalasseus elegans) and Callornia brown pefican
(Pelecanus occidenfalis) production is sirongly
cormelated wilh anchovy abundance (Anderson &l al,
1880, Schalfner 1986). The northam anchovy occupies
an ecological nicha simitar io the Pacific sardine’s and
may be inhibiting its comeback (Fray 1971)

Range

Cwarall: The nonhern anchovy was disinbuted from
Cape San Lucas, Baja California, o Queen Charloile
Istands, Canada, bul has recently moved into the Gull
of California, Mexico (Hammann and Cisneros-Mata
1989). Three genalically distinct subpopulations exist
(Vroomanand Smath 1971). Oneranges fromnorhem
California to British Columbia, The second is ofi
southern Calormia and the norhern Baja Calflornia
pamnsula in Mexico., Tha thind accurs offl central and
gouthern Baja California (Vrooman and Smith 15871)

Within Study Arga: This species can be found in all
esfuanes within the siudy area (Table 1). Asubspecies
(E. mordax nanus) is restricted 10 San Francisco Bay
(Hubbs 1925)

Life Mode
Eggs and Iaru-aa are plankionic, while juveniles and
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Northarn anchavy continued

Table 1. Relative abundance of northern anchovy
in 32 L.S. Pacific coast estuaries.
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adulls are pelagec neklon (Garrison and Miller 1882).

Habltat

Type: Egge are neritic and epipelagic (from the surface
1o 50 mdepth, but primarily in the upper 20 m). Larvae
are also neritic and epipelagic, occurring from the
surtace o 75 m depth, but usually in the upper 50 m.
Juveniles are epipefagic and olten highly abundant in
shallow nearshore areas and esluanes. Adulls are
ocaanic-nentic, occuring from the surtace to 300 m
deep. Adults canalsobe abundani in shallow nearshore
areas and esluaries. Eggsandlarvae canbe lound out
o 480 km olishore (Hart 1973, Gamison and Miller
1982), while adullz occur out to 157 km offshore
(Pacific Fishery Management Council 1283),

Substrate: Because this is a pelagic species, all life

stages are found over various substrates.

Physical/Chemical Characteristics: Eggs are lound in
suhaline walers (32-35%.), while adulls, juveniies, and
farvae can be found in estuaring and maring waters
(Simensiad 1983). Spawning cccurs at waler
lemperatures of 12-15°C and usually within 10 mol the
sudace (Ahlstrom 1959). Eggs are found at
temperatures of 10.0-23.3°C, larvae at 10.0-18.7°C
{mostly 14.0-17.4°C), and juveniles and adulis at 5.0-
25.0°C. The lower lathal temperature for juveniles
appearsiobe 7°C, butal 10.0°C larvae do not develop
properly. Temperatures above 25°C are actively
avoided by juveniles and adults. (Brewer 1974).

Migrations and Movemanls: The northem anchovy
does not make extensive migrations (Pacific Fishery
Management Council 1583), but it doés underake
inshore-olishore movements as well as movements
along the shode. Inihe Pacilic Northwest, juveniles and
adults move into estuarnes during spring and summer
and then oul during fall (Waldvogel 1977, National
Marine Fisheries Service 1981, Simenstad and Eggers
1981). In southem California, young-cl-the year and
yearfing anchovies ulifize shaliow inshore areas (Parmish
et al. 18985). Adull and uvenile anchovies show some
diel movements during the summer, slaying al depihs
ol 110-183 m during the day and coming to the surface
al night (Hart 1973). Larvae swim 1o the surface al
night fo gulp alr and inflale their swim bladder {Hunles
and Sanchez 1976). Larvae, juveniles, and adulls orm
small low density schools durning the day and disperse
into a thin surface scattering layer at night (Mais 1974,
Juveniles and adulls may atso form dense schools or
“balls™ when being attacked by predatory fishes.

Reproduction

Mode: This species is gonochornislic, oviparous, and
iteroparous; egos are ferilized extemally. It is a
broadcas! spawner that spawns in balches annually
alier reaching malurily.

Mating/Spawning: Spawning is reported from Barkley
Sound and the Strait of Georgia, British Columbia, to
south of Magdalena Bay, Baja Caktornia, and in the
Gult of California. Spawning can occurthroughout the
yaardepending on region (iLe., subpopulation). Times
for spawning are July 10 August in British Columbia
walers, June 1o August ofl Oregon, December (o June
in central Caldornia waters, May lo Seplember in San
Francisco Bay, and January to May off southemn
Califomia (McGowan 1988). Mozl spawning fakes
place within 100 km of the coast in the upper mixed
layer{sometimes surface) atnight (Baxter 1967, Hunler
and Macewicz 1980). The majority of spawning in
iCafifornia walers occurs at deplhs less than 10 m and
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Mortham anchovy conlinued

waler temperalures between 12 and 15°C. However,
spawming has been recorded up o 482 km ciishore
[Ahlstrom 195%). In the norhern subpopulation,
EpaWmng appears 1o be associaled with the Columbia
River plume, which may provide a stable and productive
erviranment for egg and larval survival (Richardson
1281}, The iiming ol reproduction near San Pedro Bay,
Calitornia, may be constrained by dietary requirements
(Brewer 1978}, This species is a balch spawner
{Hunter and Goldberg 1280) and may spawn about 20
limas par spawning Season (Hunter and Leong 1981).

Eecundity: Females lay eggs in batches and can
produce up o 130,000 eggs per year {20 spawnings)
in southern California (Humer and Macewicz 1980,
Humtar and Leong 1981). Females in the norham
subpopulation are apparently limited 10 onlty a few
baiches and a ial fecundity of 35.000 eggs perfemales
per year (Laroche and Richardson 1980). Baich
fecundities are eslimated 1o be 2,794-16,662 eggs per
fermale (Hunker and Macewicz 1980},

Growth and Development

Egg Size and Embryonic Development: Eggs are
elipsoidal with dimensions of 1.23-1.55 mm x 0.65-
0.82 mm (Gamison and Miller 1982). Embryonic
development is indirect and external, Eggs halchin 2-
4 days, depending on lemperalurs,

Age and Size ol Larvae: The yolk sac s absorbed
within 36 hours of halching (Lasker et ak. 1970). Larvag
range fram 2,5 mm 1o 25.0 mm in kength {Hart 1873},
Larvae begin schooling at 11-12 mm standard length
1SL) {Hunler and Coyne 1982), and transform into
juveniles in approximately 70 days (Harl 1973).

Juvenile Size Range: Juveniles range in size from 2.5-
14.0 em SL (Clark and Phillips 1952),

Age and Size of Adults: Some lish mature af less than
one year of age (7.1-10.0 cm) and ail are mature at 4
years, depanding an location and populationsize (Clark
and Philips 1952, Hart 1873, Hunter and Macewicz
1980, Laroche and Richardson 1980). Larger fish
malure earsar than smaller fish in the sama age group
(Hupper i al. 1380). The maximum age reporiad lor
this species is 7 years (Frey 1371).

Foed and Feeding

Teophic Mode: Juveniles and adults are randomiiering
or particulate {i.e., biting) planktivoras, depending on
food concentrations (O'Connell 1972). Anchovies
apparenily feed pimarily during Ihe day (Kucas 1986).
Famales nead to eal approcdimately 4-5% of their wet
waight per day lor growih and reproduction (Humter
and Laong 1981).

Food llems: Larvag consume copepads (primarily eggs
and nauphl), naked dinoflagellates, rotifers, ciliates,
and loraminiferans (Baxier 1967, Arthur 1976, Hunter
1977). Larvae, juveniles, and adults are often found in
areas of plankion biooms. Adults and juveniles prey on
phytoplankion, plankionic crustaceans, andfish larvas
(Loukashkin 1970, Frey 1971, Harl 1973, Pacific Fishery
Management Council 1983).

Blological Interactions

Pradation: Morhern anchovy eggs and larvas are
aaten by adult anchovies (Hunler 1977) and probably
many otherfishes. Inihe Califormnia Current, juveniles
and adulls are consurmed by most species of predatory
fishas, including California halibul (Faralichlihys
caiformicus), chinook (0. fshawylscha) and coho
salmon (O. kisutch), rockfishes, yellowtail (Sedola
fafanded), tunas, and sharks. Chlher predators inchsde
harbor seal (Phoca wituling), norhern fur seal
{ Callorhinus wrsinus), California sea lions (Zalophus
calfornianus), commeon murre (Una aalge), sooty
shearwaler (Pullings grisews), cormarant
| Phalacrocorax spp.), gults, and lems {Kucas 1886).
The norhemn anchovy is the pamary prey for the
Calornia brown pelican, an endangered species
(Huppert el al, 1980].

Eaglors Influencing Pepulations: Egg and lanal survival
probably determines subsequent year-class slrength
(Smith 1285). However, egg and lanval abundance are
notl comelated with age-1 recruits (Peterman et al,
1988)., Anchovy spawning biomass is presently
estimated from egg production (Lasker 1385), Good
larval survival appears to depend on many faclors,
including the availability and density of appropriate
phyloplanikton species (Lasker 1975, Laskerand Smith
1976, Lasker 1981, Peterman and Bradlord 1987).
Larval lood avaslability is reduced by storms and strong
upwelling. Strong upwalling may akso transpert larvae
out ol the Southern California Bight {(Power 1986),
howeawver, upwelling may benafil [aler lile stages. El
Miho events affect populations both positively and
negatively, depending on subpopulation and life stage
(Brodeur el al. 1985, Fiedher ef al. 1986). High rates of
predation and commercial harvest also impact
populations. Nodheam anchovy populations increased
dramatically during the collapse of the Pacilic sarding
populations, suggesiing compelition between these
species (Smith 1972, Kucas 1986).
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Cutthroat trout

Oncorhynchus clarki
Juvenile

Sem

Caomman Mame: culihiraat froul

Scientific Name: Oncorhynchus clarki

Other Common Mames: Clark's trout, coastal cutthroat,
coasial cul-throat trout, sea-run cutthroal troul, red-
throated iroul, seatrout, shom-1giled trout, harvest iroul
Classification (Smith and Stearley 1989)

Phylum: Chordata

Class: Osteichihyes

Order: Salmoniformes

Family: Salmonidae

Value

Commercial: The cutthroat trout is not commercially
fshed, but is incidentally caplured during Gilinetting for
Pacitic salmon {Oncorhiynchus spp.) (Tipping 1982).

Becreational: It is the third most popular gamefish in
the Pacilic Northwes! (Washingten 1977). In
Washingion, the Cowlitz River recreational fishiery was
estimated to be worth 230,000 (Tipping 1582)
Halchenes in Cregon and Washinglon siock ihis species
INio NUMEnous streams.

Indatorof Environmeantal Stress: The sea-run culthroal
roul is sensitive 10 lamperature changes and stream
alierations resulting from logging praclices [Moring
and Lantz 1975). It has been companed (olhe "canary
inthe ming”, being one of the first spacies 1o sulfer irom
environmenial degradation (Behnke 1987).

Ecological: The cutthroal trout is & minor predalor in
nearshore coastal walers (Loch and Miller 1928} and
an important resident of many streams and nivers. It
has been displaced by infroduced salmonids and non-
native fishes in many rvers and streams.

Range

Ovarall: The overall range ol this species” anadromous
form is fram the Eel Rver, Calitormia, 1o Saward,
southeastern Alaska (Scott and Crossman 1973).

Within Study Areg: This species is common in nearly all
estuaries along the Pacific coast from the Eel River lo
Puget Sound, Washington (Table 1) (Monaco &t al
1990).

Lite Mode

The cutthroat tront has four lile hislories: 1) an
anadromous form, 2) a form that migrates befwean
lakes and small streams, 3) a form that migrates
between small tribularies and main rivers, and 4) a
form that [wres s entire life in small sireams (Trotter
1987). This ife history summary focuses primarily on
the anadromous variety, O. clarkl clarki, Eggs and
larvae (alevins) are benthic and infaunal, Young
juseniles (iry and parr) are benthopelagic; parrbecome
pelagic whenthey transiorm into smolls (juveniles that
migrate to the ocean). Smolls, ocean-dwelling and
maturing juveniles {subadults), and adulls are primarily
palagic. Subadults and adulls in rivars and streams ara
banthopelagic.

Habitat

Type: Eggs, alevine, fry, and parr are rivering, Smolis
are rivering and estuanng. Young-of-the-year are
often found only in small coastal streams; many of
ihese sireams have low summer flows. Subadulis and
adults are found in coastal nentic walers during ocean
residence (spring and summer), andin riverine habitats
during the spawning migration. Smolts, subadulis,
adults, and "kelis™ (spenl adults) migrale through
esluanes. Some individuals are permanent residents
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Gurthroat frouf confinued

Tabla 1. Relative abundance of cutthroat trout
in 32 U.5. Pacific coast estuaries.
— m T’ =l
LE

ojolololol-i§
[ ]

&
|
f

om

?
0
olojolo|olololo]>|

g
.

|
o

S — i

slolo

£

i
om®moo00®0

20

=l b AL

r—

0|00 <000
O =400 [0 0@

|
D =100

" irhotes Cartral Lin
Frarag, Laison,
el s Py

of estuaries (Levy and Levings 1978).

Subsirate: Eggs are lound beneath gravel (0.6-10.2
cm in diamieter) in shallow rilfle areas at the fail end of
poals (Reiser and Bjornn 1979). Juveniles and adullts
Soour over vanous substrates depending on ife stage
and habstat.

EhysicaliChemical Characterdstics: The cutthroat trout
prefers water lemperatures of 9-12°C (Bell 1984). i
can folerale 26°C, but is nol usually lound whara
stream temperalures are consistently greater than
22°C (Pauley ef al. 1988). The beslt spawning
temperature appears to ba 10°C, but spawning occurs
over arange from B-17°C (Scolt and Croseman 1973),
Waters with dissolved oxygen concentrations less than
5 mg/l are avoided (Pauley el al. 1989). This spacies

ean be lound in streams with flows as low a5 0.01-0.02
m's (DeWitt 1954). Spawning ocours in stream flows
ranging from 0.11-0.90 m/s and depths of 10-100 cm
(Pauley et al. 1985). While in fresh water, adulls
typically reside in pools, while fry reside in riffles.

Migrations and Movements: Parr in fresh water often
mowe upstream and downstream (Moring and Laniz
1975), Parr remain in streams for at lzast 1 year, bul
may stay up to 9 years. Parr bacome smolis as they
migrateto estuaries. In Oregon and Washinglon, most
smolts migrate during spang in thair third year (Wydoski
and Whilney 1979). However, the juvenile's size
appears to defermine its year of migration; langer fish
migratetosea while smaller fish remain (Tipping 19886).
In Oragon, immature fish moved downstream from
February through May, with April being a peak month
for outmigration. In Washington, cutmigralion cocurs
from March to July {peaking in May) (Michael 1989).
Few juveniles remain in the ocean for mone than ona
summer and mast migrate back 1o natal streams in late
summer and fall of the same year (Johnston 1982).
Depanding onthe stock, a propention ol the fish returning
to fresh water after their first summer in the ocean are
still not reproductively mature (Johnston 1582). Prior
to thizir spawning migration, adult cutthroal trout often
reside in tidal freshwater areas of estuaries, awaiting
increased stream flows and decreased water
tempearatures belore proceeding upsiream. InOragon,
adults move upstream from October to March, with
most movement during November through January,
kelts move downstream from January to April, with
most moving in January and Fabruary (Lowry 1865).
Some streams are used lor overwintering only and
others for spawning (Michael 1983). Afteroverwintering
{or spawning), sea-run cutthroat trout migrate 1o the
ocean again in sprng. Information conceming ocean
movements and migrations are limited, but some fish
do not migrate far from where they enterad the ocean
{Johnsion 1982). However, some have been lound oul
1031 kmoltshore {(Loch and Miller 1588). The culthroat
froul may school while in esluarne and maring
environments (Giger 1972). When refuming 10 their
natal siream, wild fish rarely stray. However, siraying
ol hatchery fizh {from streams in which they were
stocked) may be 30% (Pauley et al. 1989).

Reproduction

Mode: The cutthroat trout is gonocharistic and
oviparous; eggs are ferilized externally. This species
differs from all other members of the genus
Oncorhynchus (except stealhead trout, O. mykiss) in
being iteroparous.

MalingSpawning: Sea-run cutthroat trout return to
their najal sireams 1o spawn fromi late fall io lale winter
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Cunthroat frowt continued

{Johnston 1982, Pauley et al. 1989), however, only 41-
B61% of a "run” may actually be sexually mature {Jones
1977). Spawning occurs primarily in grave riffles ol
small tfributary coastal streams at the tall of pools in
water that is 10-15 em deep (Jones 1977). Like other
salmanids, the female digs a redd inthe gravel and lays
her eggs while the male lerilizes them with his mil.
The female then covers the eggs with more gravel,
Although this specias is iteroparous, substantial post-
spawning morality can occur. The best spawning
conditions include incubation temperalures from 6.1-
17.2°C, depths 26 cm, water velocilies from 11-72 co
sec, and gravel that is 0.6-10.2 cm? in diameter (Reiser
and Bjornn 1979).

Eecundily: Fecundity ranges from 226-4 420 eggs per
lemale (depending on female size), averaging 1,000-
1,700 (Scott and Crassman 1973).

Growth and Developmenl

Eog Size and Embrvonic Development: Eggs are 4.3-
5.1 mm indiameter, orange-red in color, and demersal
{Pauley et al. 1989). Embryonic development is indirect
and external. Eggs usually haich in 28-40 days

(depending on lemperature) (Scott and Crossman
1973).

Age and Size of Larvaa: Aleving are 15 mm lang al
hatching and spend 1 to 2 weeks in the redd belore
gmenging. Fry (small young uveniles) are approximately
35 mm in length,

Juvenie Size Range: Juveniles range from 35-200 mm
in length,

Age and Size ol Adults: Wild sea-run cutthroal mature
after 2-10 years, ranging in length from 131 to 450 mm
(Summer 1962, Scotl and Crossman 1973, Jones
1877). However, hatchery fish grow quicker than wild
fish and may returmn o spawn as one-year-old fish
(Tipping 1982),

Food and Feeding
Trophic Mode: L arvae feed onthair yolk. Juvenias and
adulls are camivorous.

Ecod ltems: Fry feed on insecis, crusiaceans, and
some fish, Large cutthroat irout may peay on threesping
stickleback (Gasterosteus aculealus) and young
sockeye (O, nerka) and cobo (O, kisulch) salmon while
in fresh water (Lowry 1966, Pauley et al. 1989). Large
juveniles {migrants) and adults are highly piscivorous
when in esluaries and marine waters (Behnke 1979,
Loch 1982). In the ocean, culthroal frout leed on
northern anchovy (Engraulis mordax), kelp greenling
[Hexagrammos decagrammus), scorpaenids,

salmonids, euphausids, mysids, and crab megalopae
{Brodeur et al. 1987, Loch and Miller 1388).

Biological Interactions

Predation: Little is known about predation on this
species, but 58% of the adults and subadulis returning
to the Alsea River, Oregon, had marks indicating
predator attacks (Giger 1972). Marine mammals prey
on this species al sea, while belted kinglishers
(Magacenyle alcyon) and other piscivorous birds are
probably major predators in streams and esiuarnes.
Sculpins and salmonids may also be predalors of
aleving and fry in streams.

Factors Influencing Populalions: This species is very
sansitive 1o changes in s freshwater habital. The
amount of cover, water quality, and substrate
characteristics determine siream population densities
{Reiser and Bjornn 1979), Forestry practices influence
stream carrying capacity and can affect spawning
success, Increases nlemperature andfurbsdity reduces
cutthrgat trout production [Behnke 1879) and increased
predation, disease, residualism, and straying allect the
numbear of returning adults [Tipping 1282). The
myxosporidean prolozoan Ceratomyxa shasfa can
cause severe larvaljuvenile moralities in haicheries
(Tipping 1988). Nalural production of the sea-run
cutthroal troul appears 1o be severely depressed in
many rivers and watersheds. In some areas,
urbamizalion has adversely alfecied stream
environmenis and subsequently cutthroat frout
populations { Trotler 13871, Ocean survivaloffirst-year
smolis reportedly mnges from 1.8-21. 7% inWashington
{Michaal 1983) and 20-405 in Oregon (Giger 1972).
Survival of subadults and adults in fresh water ranges
from 22.2-76.5% (Michael 1983). Because saa-run
culthroat froul are accessible o many anglers and
relatively easy 1o calch, populations are easily
overfished (Jones 1977, Tipping 1982). As a rasull,
sirict harvest restrictions have bean implemented in
British Columbia and Washington (Pauley ai al. 1983},
The genetic integrity of some slocks is threalened
becausa there are very few adulls in the spawning
population (Michaal 1989). By selecting the small
tributaries of rivers and streams for spawning, sea-mnn
culthroal trout avosd compatition with rainbow Trout and
coha galmon (Johnston 1982, Pauley et al. 1989).
Allhough stream-dwalling juveniles eal similar loods
as juvenile coho salmon, compelition s reduced by
habital paritioning. Juvemle cutthroat trout are often
forced 1o reside in riffle areas until falling water
lemperalures reduce the aggressive behavior of other
salmonids {Glova 1986, 1987, Pauley et al. 1983).
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Pink salmon

Oncorhynchus gorbuscha

Caomman Hame: pink salmon
Scientific Hame: Oncorfiynehus gorbuscha

Other Common Hames: humpy sakmon, dog salmon,
hone salmon, humpback salmen, lost salman (Shiing
1976, Algska Department of Fish and Game 1925}
Classificatlon (Robins et al. 1980)

Phylum: Chordata

Class: Ostaichihyes

Crder. Salmoniformes

Family: Saimonidas

Value

Commercigi: The pink salman is the smalest Pacilic
salmaon and fishamen receive the lowest pricesb for i
Howewver, it is the most abundant salmon speciesinthe
Marih Pacilic. Annual harvest is over 84 million fish,
wilh over 95% of the U.5. catch coming from Puget
Sound, Washington, through Alaska (Forrester
1981a,19681b, Takehama 1383). In 1985, landings of
pink salmon (1447 1) were worh 575 million to LS.
fisharmen. (Mational Marine Fisheres Service 1986).
Sinca virtually all pink salmon miature in thair second
year, commarcial calches in a particular area fluctuate
markedly from one year (o the next. In Puget Scund,
odd-year runs predominate, bul in the Gull of Alaska
angd Brislol Bay, even-year uns are largest (Fredin et
al. 1877). Most Puget Sound pink salmon are capiured
from July to September (Washinglen Department of
Fisheres and Morthwest Indian Fishenes Commissian
1986). This species is harvested primarily by purge
saines, but also by trolling, stationary and drilt gill nets,
and real nals.

Becreational: The pink salmon s not as imporant as
coho (O, kisutch) and chinook salmon { O, tshawytscha)
o coastal span fisheries. Most spon harvests of pink

salman accur in Alaska, although in odd years they are
caught in Oregon and Washington (21,000 In 1983)
(Pacific Marine Fisherigs Commission 1985 1987)
This species is primarily captured when fishing for
other salmonspeacies, althoughit is regionally abundant
at times, The pink salmon is caughl by irolling In
naarshore maring waters andby spincasting instreams
and along beaches (Squire and Smith 1877).

Indicator of Environmental Stress: As with other
salmonids, destruction ol spawning habital reduces
fun sizes.

Ecologicgl: Tha pink saimon i the most abundam
epipalagic fish in the subarctic oceanic Norh Pacific
(Fredin et al. 1877). See “Factors Influancing
Populations™.

Range

Orrerall: Ovarall, the pink salmon is found in oceanic
and coastal areas of the Norh Pacific Ocean, norih of
aboul 40°M latiude, in the Bering Sea, and along the
southern coastiine of the Polar Sea (Meave 1962). In
Morth Amarica, cocasional runs occur in the Russian
River, California, and along the Oregon coast. Regular
spawning runs occur from the Puyallup River,
Washinglon, norh to central Alaska, west o Atlu
Island, nmorh 1o norhern Alaska, and easi fo the
Mackenzie Riverin Canada’s Norhwest Temitores. In
Asla, this species is distributed from the Tumen and
Morih Mandal Rivers, Morh Korea, and Hokkaido,
Japan, to the Yana and Lena Rivers thal fiow into the
Arclic Ocean(Takagiet al 1281). The pink salmon has
also been successiully introduced into the Great Lakes
[Scolt and Crossman 1973).
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Table 1, Relative abundance of pink salmon
in32 1.5, Pacilic coasl astuanes;
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Within Stiedy Area: Although there are repors of pink
salman occuring in many Calilornia rivers (Hallock
and Fry 1967), probably only the Russian Rver and
possibly the Sacramento River have any spawning
runs (Fry 1873). Ondywery limiled spawning nins ocour
alang the Oregon and Washinglon coasts, but strong
spawning runs occur in Puget Sound (Atkinson ef al.
1967) (Table 1).

Lite Mode

The pink salmon is an anadmomous species. Eggsand
larvae (alevins) are benthic and infaunal  Young
pvenides (fry) are benthopelagic and live in shallow
waters. Ocean-dwelling and maturing juveniles
{subadults) and adults are epipelagic, sccurring possibly
down lo deplhsof 36 m, but wsually within the top 10 m
(Hart 1973, Scolt and Crossman 1973, Wydoski and

Whitney 1879, Takagi et al. 1981).

Habitat

Type: Eggs and alevins occur primarily in the lower
reaches ol rivers, bul can alsc occur In intenidal
esluaring areas (Helle et al. 1964, McNeil 1966). Fry
are rivering initially, but soon move downsiream and
ulilize esluaries and nearshora shallow water maring
environments (Healey 1880, 1982, Simenstad & al
1882), Juveniles arenitially neritic, but become oceanic:
as they mature. Adults are primarily estuarine and
rivesing.

Subsirate: Egogs and alevins are normally found in
gravel thal is 1.3-10.2 cm in diameter (Reiser and
Bjornn 1979). Gravel cover protects eggs and aleving
from pradation, mechanical injury, and ultraviolt light
(Rabeigh and Meison 1985). Fry, juveniles, and adults
are found inthe water column over vanous subsirates.

Physical Chemical Characlenstics: Eggs and alevins
are found primarily in fregh water, bul can withstand
constam salinities of 18%. and brief periods of higher
salinities (33%.) (McNeil 1966, Takagietal. 1981), Fry
adapt very quickly to high salinities (Takagiet al. 1581}
andihe species wasonginally thought 1o require manneg
walers for survival (Baggerman 1860). However, the
successhul introduction of pink salmon inlo the Greal
Lakes demonstrales that this species can complaleits
entire [de cycle in iresh water. The pink salmon
generally spawns at temperatures of 7.2-12.8°C, with
incubation temperatures of 4.4-13.3°C providing the
best haiching (Ball 1984). Oplimuem lemperalures lor
pink salmon are 5.6-14.4°C, with 0.0°C and 25.6°C
beaing lower and upper lethal Bmits, respectively (Bell
1984). Low pH impairs embryo and alevin development
{Rombough 1983). Embryos and alevins need fast-
flowing {21-101 cm/sec) and well-oxygenated (>6 mg/
Iy waler for proper development and survival (Bailey et
al. 1980). Spawning gravel mus! be permeable to
waler flow for proper egg and akevin development
(Wickeatt 1962, Mched 1963). Adults cannot migrate
upstream in velociies greater than abowt 2.13 m/sec
{Reiser and Bjomnn 1978).

Migrations and Movements: The pink saimon is a
highly-migratory anadromous species. Downstream
movemeant begins immedialely upon emengence from
the gravel (Meave 1968), and normally al night
(McDonald 1960, Meave 19686), Fry are about 30 mm
leng al emergence. Peak oul-magration from rivers
occurs between late March and mid-May in southem
British Columbia, Washington, and Oregon (Healey
1982, Simenstad et al, 1982). Mos! pink salman spend
ltha tima residing inestuaries (Levy etal. 1979, Healey
1882, Simenstad e al. 1982), but move and dispersa
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rapidly into shallow marine walers and nearshore
nursery areas (Healey 1980). However, they may be
abundant in estuarine fidal channets for a shor time
{Levy and Northcote 1982). As juveniles grow to about
G0-B0 mm in length (May and June), they move o
ofishore waters (Healey 1280), with larger individuals
movinglirsl, Dudng theirfirst summer andfall, migrating
pink salmon move noh in coasial waters, By late fally
early winter, many wrn south, disparsing 1o the high
seas (Takagi et al 1981, Hartt and Dell 1986). Pink
salimon return to their natal streams after about 18
months al sea. Soma pink salmon apparenily naver
lzave Pugetl Sound (Wydoski and Whitnay 1979). A
combingd map-compass-calendar system probably
guides this specles on the high seas, but ollaction
dominates nverine gordentation as adulls returmn o thelr
natal stream (Brannon 1982, Quinn 1282). Upstream
[Le., spawning) migralion may be disnupted it adulis
encounter hydrocarbon concenlrations abowe 1-10
pob (Martin et al. 1950).

Reproduction

Modea: The pink salmon ks gonochoristic, oviparous,
and semalparous (all adults die soon alter spawning).
Eggs are fedilized externally,

Maling/'Spawning: Spawning generally occurs from
Jung [nonh) to October (scuth), and primarily Auwgust
through October in Washington (Alkinson al al. 1967,
Wydocki and Whitney 1878), Most spawning takes
place in the lower reaches of coastal rvers and can
inclede interidal areas (Helle ef al. 1864). Howaver,
pink salmon may spawn far upsiream in large rivers
such as the Skagit River, Washinglon (Wydoskd and
Whitnay 1973). Spawning usually occurs innllle areas
215 cm deep, with waler valocities of 12-101 cmvs, in
gravel that is 1.3-10.2 cm in diameier, and at
lemparatures of ¥.2-12.8°C (Reisar and Bjomn 1373).
In Alaska, spawning adults prefer waler velocities of
35-47 cmvs (Bonaret al. 1389). Females buildthe redd
(nest) by digging up the subsirale with the caudal fin,
During spawning, the female and male move to the
bottem of the redd and release eggs and sperm while
vibrating, gaping their mouths, and erecting their fins.
The famalke will then deposit gravel over the eggs by
digging upstream ol the redd. Males may spawn with
morathanone lemale, and lemalas with more ihan ong
male. Females may dig mone than one nest [ Scott and
Crossman 1973). Males develop enlarged teath, a
large humg on their back, a hookad snoul, and when
maiure, are aggressive loward other males (Scott and
Crozsman 1973).

Eecundily: Fecundity ranges from 800-2,000 eggs per
female, averaging 1,500-1,900 (depending on size of
female) (Scotl and Crossman 1973).

Growth and Development

Eog Size and Embrvonic Development: Eggs are 6.0
7.0 mm and orange-red in colar (Scolt and Crossman
1873, Ball 1984). Embryonic development is indirect
andextemal. Incubationtime s afleciedby temparatura,
but halching occurs primarily in December and Janwary
(McPhail and Lindsey 1970, Scoltand Crossman 1973).

Age and Size of Larvae: Alevins are 6.0 mm to 30-45
mm in length (Marrow 1980 and remain in the gravel
urlil most of the yolk ks absorbed. Peak emeargence is
in Apdl and May, but may begin as early as late
February (Meave 1968).

Juvenile Size Range: Juveniles are approximately 3.0-
45.0 cm long and weigh up to 1.8 kg (Bell 1584). Pink
salmon move to the open ococeanwhen Ihey are 6.0-8.0
cm kong (ceniral British Columbla) or 9.0-10.0 cm long
(Strail of Georgla) (Heakey 1980).

Age and Size of Adults: Adulls are two years old with
rare reports of three-year-olds (Scott and Crossman
1573). Adults can reach 78.0 cm in length and weigh
5.5 kg, howaver mast ane 1.4-2.3 kg (Hart 1973).

Food and Feeding

Trophic Mode: | arvas lead on thelr yolk. Juvendle and
adull pink salmon are carnivorous, opporunistic
Teaders.

Food ltlems: Fry will feed sparingly on nymphal and
larval insects il their migration to the otean is lengthy
(Scott and Crossman 1973). In nearshore nursery
araas, juvenile pink salmon eat mainly eplbanthic pray,
particularty harpaclicoid copepods (Gerke 19372,
Kaczynskietal. 1973, Godin 1981). However, juveniles
will also eal pelagic zooplankton such as Ciripedas
larvae, calanoid copapods, amphipods, crusiacean
larvae, and other imnveriebrate larvae (Kaczynski e al.
1973, Bailey et al. 1975, Fresh et al. 19739, Godin
1581). When juvenile pink salmon first enter offshore
habitats, they feed on zooplankion, piamarily copepods,
amphipods, chastegnaths, larvaceans, decapodianas,
and larval and juvenila fishes (Healey 1980, Brodeuret
al. 1987). Laler in Wife, they leed on euphausiids,
decapodlarvae, fishes, amphipods, squids, copepods,
pleropods, and other imveriebrates (Allen and Aron
1858, Andrievskaya 1958, Ito 1964, LeBrasseur 1968,
Har 1973, Frash ot al. 1981, Takagi el al. 1%81), Pink
salmon are usually crapuscular feeders (Godin 1281,
Takagietal. 1581}, however, they are knowntofeed on
euphausids al night (Pearcy et al. 1984).

Biological Interactions
Predation: Eggs, alevins, andIry are eaten by cutthroat
trout { 0. clarkd), rainbow trout { 0. mykiss), coho salmon,

122



Dolly Varden (Sahefinus malma), northern squawlish
{Piychocheilus oregenensis), and varous sculping
{Cottusspp.) (Hunter 1959, Scolt and Crossman 1973).
Belted kingfisher (Megaceryle alcyon), mergansers,
other predatory birds and small mammals atso eat fry
{Scoft and Crossman 1873). Mammals (e.g., bears)
andlarge avian predators (e.g., bald eagles, Halizeolus
fercocephalus) feed on adult pink salmon in fresh
waler. Maring and estuarine fish predalors include
lamprey [(Lampeilra spp.), spiny dogfish [(Sgqualus
acanthias), coho samon, chinook saimon, rainbow
troul, cutthroat trout and Pacific staghom sculpin
iLepiocolfus armalfus). Predatory birds such as
common mume (LUiviz aalge), COMMON mengansar
(Mergus merganser), baid eagle, and Caspian lem
{Hydroprogne caspia), and mammals such as harbor
seal (Phoca vituling), northern Tur seal (Callorfinus
irsinus), Killerwhale | Orcinws erca), and sea lions akso
prey on the pink salmon {(Fresh 1984}, Small juvenike
pink salmon apparently alter their habitat preferences
depending on predation risk {Magnhagen 1988).

Eactocs Influencing Poputations: Chum (0. kelfa) and
pink saimon have similar feeding habilts during their
aarly marine life; thus, competition may be occurring in
ihae shallow maring habitats [Ames 1283, Fresh 1984).
Achumescapement variableisusedinthe Washinglon
Dapartment of Fishardes' modeal for foracasting pink
saimon abundance/returns (Washington Dapariment
ol Fisheries 1583). One of the primary factors
datermining recruilment appears {o be survival from
egg to Iry stage (McMail 1966, 1583, 1980), which is
typicalty around 10% (Mermell 1962, Mchell 1980).
Mortality can result from low dissolved oxygen
concentrations, high temperatures, high siream
dscharges, and unsuilable gravel struciure [Mcieil
1866}, Average marine sunvival from fry to adult is
aboul 4% (McNeil 1980}, with much of the mortality
believed to obour as a result of predation during early
manng residency (Parker 1971). There also appears
io be densify-dependent marine monalily and growih
{Peterman 19880). Suitable coastal watertemperalures
and salinilies are also considerad impertant o juvenile
survival (Tabata 1983). Besides natural mortality,
there is fishing and incidental fishing mortality {Ricker
1976). Although the U.S. harvest of pink saimon has
decined since the 1930s, the Canadian harves! has
nol {Fredin 1980). Some pink salmon originating from
Monh Amenca are taken by the Japaness sakmon
fishery (Fredin et al. 1977). Man-made alierations 1o
sireams, estuaries, and shallow marine emvironmeants
caused by improper road and rail construction, logging
practices, dredging, bulkheading, dam and imgation
development, and poliution can adversely allect pink
salmon populations. Halchenes have been buil 1o
help maintain and rehabiliiate pink salmon siocks and

milllons of pink saimon are releasad annually (Wahbe
and Smilh 1973). Howewver, increasedfishing pressure
due to hatchery runs can destroy wild populations
(McNeil 1980).
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Oncorhynchus keta
Adults

10 em

Commeon Mame: chum salman

Scientific Name: Oncorfynchus keta

Other Common Names: dog saimon, calico salmon,
chub, fall salman, keta salmon, ke kal salmon (Shilng
1978)

Classification [Robins o1 al, 1580)

Phylum: Chordata

Class: Osteichthyes

Ordir, Salmaonilormes

Family: Salmonidae

Value

Commercigl: The chum salmon i the most impariant
Pacilic salmon to Japanese commercial fishermen
(Formester 1981), bul third in importance o U5,
fisherman (National Manne Fishanes Serice 1986).
From 1980-84, nearly 43,000 1 were landed by U5,
fishermen and the 1385 catch was worth over 536
million. This species is commarcially fished in Morh
American walers Irom Oragon 1o Alaska. Howaver,
most (75%) are landed in Alaskan walers, with cnly
Puget Sound, Washington, producing any sizabile
landings outside of Alaska (Forrester 1581). Thechum
salmen is caplured primarily by liced or drift gill nels
and purse sgines. 1 is primarily cauvghl from June to
Seplember in Alaska, and September to December in
Washington (Forrester 1981),

Bocreational: The chum salmeon is not a largel spor
fish in marine walers (Scott and Crossman 1973), but
it iz somelimes lished in rivers that have large uns.
The maring sport catch is low and is grouped with
sockoye salmon in the reported manne spor calchas
{Pacific Marine Fisheres Commission 1985, 1986).
This species does nol strike lures or baits as readily as
other salmonids and its lesh does not have the desired

Qi comtent of alher salmon specias,
Indicator of Emvironmental Stress: The freshwaler,

esiuaring, and early maring |lie slages are the most
sengitive to habital alerations and pollution (Shepard
1881).

Ecological: The chum salmon is the second most
abundant saimanid inihe North Pacific region (Forresier
1881), and has the wides! distribution of any Pacitic
saimon (Bakkala 1970).

Range

Crvarall: In North America, the chum salmon inhabis
coastal streams from the Sacramento River, Califormia
[occasionally as far south as the San Lorenzo Hiver
(ktoyke 1976)], norwiard to the Archic shone of Alaska
(Ao and Shepard 1967, Atkinson el al. 1967, Hallock
and Fry 1967). It is found as far easi as the Mackenzie
River in Canada. In Asia, the chum salmon is lound
south 1o the Tone River af Chiba Prefecture on the
Pacific side of Honshu, in Nagasaki Prefechure of
Kyushu inthe Sea of Japan, and in the Nakdong River
of the Republic of Korea (Sano 1967, Bakkala 1970).
In Asia mast spawning occurs In the lower 100 km of
coastal streams. However, some spawn 2500 km
fromthe sea in bothihe Amur Riverol the U.S.S.R. and
the Yukon River of Alaska and Canada (Sano 1966,
Bakkala 1970}, This species’ oceanic dislnbution
ranges from the Bering Sea 1o about 1al. 40°N in the
wastern Pacilic Ocean and approximataly lat. 44°N in
the gasiern Pacilic Dcean {Meave el al. 1978, Fredin et
al. 1877).

Within Study Area: The chum salmanis primarily found
in Cregon and Washington, norh of the Rogue River,
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Table 1. Relative abundance of chum salmon
in 32 U.S. Pacific coast estuaries.
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Oregon (Table 1) (Atkinson et al. 1967, Ratti 1978).
Occasionally some are found inthe Sacramenio River,
California (Hallock and Fry 1967). In the ocean, this
spacies can occasionally be lound as far south as San
Diego, California {(Eschmayear et al. 1983).

Lite Mode

The chum salmon is an anadromous species. Eggs
and larvae (alevins) are benthie and infaunal, Young
juveniles (iry) are benthopelagic, while ccean-dweling
and maluring juveniles [subadulis) and adulls are
epipelagic (Sano 1966, Bakkala 1970, Fredin &t al.
1977). Subadults and adults inrivers and slreams arg
boliom-griented,

Habitat
Typa: Eggs and alevins occur in rivers and streams,

from intestidal areas 1o 2,500 km upriver in large river
systems (Bakkala 1970), but they are normally found in
riverine areas less than 200 km from the ocean (Sano
1966), Fry are found in rivers, estuaries, and marnineg
waters, Fry preler shallow waters (nearshore and
fnterticdal areas <1.0 m deep) during their initial
outmigration (Bakkala 1970, Healey 1980}, Once al
sea juveniles are primarily epipelagic (surface to 60 m
depth) {Manzer 1964), but may be found to depths of
85 m (LeBrasseur and Bammer 1964). Adulls are
estuaring and riverine (Bakkala 1970, Fredin et al.
1977).

Substrate: Eggs and alevins are found primanly in
madium-sized gravel (about 2-4 cm in diameler)
(Bakkala 1970, Alaska Depariment of Fish and Game
1985) and are buried down o 40 cm (Moyle 1976).
Recommended spawning gravel diamaters range from
1.3-10.2 cm (Reiser and Bjomn 1979), Bumer (1951)
lound Columbia River redds were composed of 81%
medium and small gravel (< 15 cm diameter), 13%
large gravel (= 15 cmjand 6% mud-sill-sand. Juvendes
and adulls oocur over a vaniety of subsirales.

PhysicalChemical Characteristics: Best spawning
temperatures range from 7.2-12.8°C, and incubation
lemperatures range from4.4-13.3°C (Bell 1984). Eggs
can survive lower lemperalures provided initial
development has progressed (o a stage that is cold-
waler 1olerant {Reiser and Bjornn 1979). Incubation
temperatures affectalevinlengthat hatching (Beacham
and Murray 1287). Oplimum lemperatures lor iry 1o
oulmigrate from rivers range from 6.7-13.3°C (Bell
1984). Ocean-dwelling juveniles occur in waters ol
1.0-15.0°C, butprefer2.0-11.0°C. Duringthe spawning
migration, adults megrale upstream af temperatures
from just above freezing to 21.1°C, but optimum
lemperalures are 8.3-15.6°C. The upper lethal
lemperalureis 25.6%C, andthe lower lethal temperature
is 0.0°C (Bell 1384). Adulls migrate upstream in
velocities up 1o 2,44 misec and successiully spawn in
velocities of 46-101 cmvsec {Reisar and Bjornn 13749,
Dissobed oxygen levals below saturation can adversely
altect swimming periormance of adulls, Cxygen levels
above 805G saturation wilh lemporary levels no lower
than 5.0 mgA are recommended for spawning (Reiser
and Bjornn 1879). High concentrations of suspanded
sediments (15.8-54 9 g1 cankill juvenile chum salmon
(Hale et al. 1985), Eggs and alevins arelound primandy
in fresh water, bul can lolerale euhaline condilions for
shor periods (McMail 1966). Fry show apreferance for
sall water soon after their yolk sac is absorbed and
cannot hve for extended periods in fresh water
{Baggerman 1960, lwata & al 1986). A hmited
residence in a meschaline (10-15%.) esluaring
environment may ba needed for complate adaptation
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10 sea water (lwala and Komalsu 1984), Alevins with
completely-absorbed yolk sacs show abnormal
behavior in waters with a pH =6.0 (Rombough 1383).

Migrations and Movements: The chumsalmanis highly
migratory, Fry migrate seaward immediately afier
emerging from the redd, although some may reside in
tresh waler for several momhs (Simensiad et al, 1882).
They migrate primarily at might in small rivers and
sometimas during daylight in larger rivers (Bakkala
1870). Juveniles are typically 30-55 mm long when
they enter estuares (March to mid-May), however
some may ba larger il the migration is bong (Moyle
1876). Once jveniles enter estuaries, their migration
typicallty slows and many will rear for up lo several
manthsinihe éstuary (Healay 1982, Levy and Morthcote
1982, Simenstad o al. 13682). Increasing salinilies
prompt schooling behavier (Shalboun 1966). Juvenilas
occur in Washington estuaries from January to July,
peaking from late March to mid-May. Most chum
salmen leave Oregon estuaries by mid-May (Myers
1980}, Chum salmon juvenikes move in and oul of tidal
creeks, sloughs, marsh habilats, and interdidal areas
as the tide flucluates (Mason 1974, Healey 1982).
Besides this daily tidal movemeant, there is a general
movemeant seaward as the juveniles grow (Healay
1982). Individuals may spend 4-32 days in estuarnies;
residency varies seasonally. In some slocks, early
migrants may reside longer than later migrants while in
other siocks, the opposite is true (Healey 1979,
Simenstad et al. 1982, Kaeriyama 1986). Most chum
salmaon move olishone from April 1o June whian they are
B0-100 mim in fork length (Healey 1982). Once in the
ecean, migrating chum salmon head nomh, but siay
aleng the continental shelf until fall, whenthey disperse
outindo the Gull of Alaska (Hartt and Dell 1986) and mix
wilh olher salmen spedies and other age groups of
chum salmon. Some chum salman do not appear to
migrate oul of Puget Sound (Hartt and Dell 1988).
Immature fish move about 28 km/day, while maturing
fish average 35 kmyday (Neave el al. 1976). Immature
fish are temperature sensitive and move southinwinter
and north in summer (Meave el al. 1978).

Reproduction

Moda: The chum salmon is gonochonsc, ovipanous,
and samekparous (all adults die soon after Spawning)
iBakkala 1970). Eggs are fedilized extemally.

Mating/Spaening: Two spawning populations exist; a
northern stock that spawns from June 1o Septamber,
and a southern (late-run} stock that spawns from
Augusti to January (Sano 1966, Bakkala 1970).
Washington, Oregon, and California stocks are all late-
run fish. Chum salmon are sexually dimomphic when
mature; males have a hooked snout, a skght hump, and

mare lang-like teeth, thanfemales (Bakkala 1870). As
with other salmonids, the female builds the nest by
turning on her side and excavating the nest by fanning
the streambed with her caudal fin (Bakkala 1970).
During spawning, the male and female will settle into
the nest and quiver with mouwths agape asthey release
eggs and milt (Scotl and Crossman 1873). After laying
the eggs, the female covers them by digging upsiream,
This process coninues unlil the female is spent. Males
may spawn with more than one female; both sexes arg
aggressive onthe spawning grounds, Anaverags redd
is 2.8 m* (Reiser and Bjornn 1979), Afemale will guard
her redd as long as she is able belore dying. Some
adults may spend lassthan a weakinfreshwateril thay
arrive sexually malure (Scolt and Crossman 1973).

Eacundily: L arge femalascan release over 4 000 eggs,
but on average 2,400-3,000 eggs are laid per female
(Scoft and Grossman 1973). Late-run southam stocks
are more fecund than early-run slocks (Sano 1966,
Bakkala 1970). Thismay be a function ol different body
sizes between the stocks.

Growth and Development

Egg Size and Embryonic Devalopmeni: Eggs are
reponedio be 6.0-9.5 mm in diameter after fertilization
{Bakkala 1970, Bell 1964). Embryonic development is
indirect and external. Eggs require from 05 1o 45
monthstohatch (depending ontemperature). Halching
usually occurs from December 1o February (McPhail
and Lindsey 1870, Scott and Crossman 1973, Paulay
ot al. 1988).

: Alevins absorb thelr yolk-sac
in 30-50 days, depending on temperatures (Wydosk
and Whitney 1873). Alevins are 20.0-24.0 mm kong al
haiching (Bakkala 1970, Kaeryama 1986, Beacham
and Murray 1287) and grow lo 30.0-35.0 mm before
leaving the gravel (Moyle 1976, Wydoski and Whitney
1875).

Juvenile Size Hangs: Fry in fresh water are 30.0-70.0
mm long, depending on the distance between the
estuary and spawning grounds (Scott and Crossman
1973). Growth in estuares and the ocean is rapd; by
the and of thair first year at sea juveniles will average
over 30.0 cmiin length and after five years will be 50.0
cm long {Fredin et al. 1977).

- Adilts return 1o spawn al 2-7
yearsof age (primarily 3-5 years) {Scolt and Crossman
1873). Bell (1284) determined that chum salmen
average 63.5 cm In length and 4.0 kg a1 malurity, but
Squire and Smith (1977) reported that they can grow
upto 107 cmin length and thelr average weaight is 4.5-
2.3 kg atl matunty,
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Food and Feeding
Trophic Mode: Larvae feed onibeir yolk. Juveniles and
adults are camivenes and “opportunisiic” leeders.

Eood lfems: Fry may not feed in fresh waler il their
migration o estuanies is short, However, if freshwater
residency is lengthy, fry will feed on aquatic and
terrestrial insects and small crustaceans. Chironomid
larvae appear to be paricularly imponant lofry infresh
waler [Sano 1966, Bakkala 1970, Scoll and Crossman
1973). Feedinginnearshone marnine areas and estuaries
by fry and fingerings appears to be an important
companent of chum salmon Fe hisiony (Healey 1580,
Simenstad 1983). Inifially juveniles feed in shallow
waters and concentrale on epibanthic pray such as
harpacticoid copepods and gammand amphipods, but
they may also eal terrestrial insecls and other small
cruslaceans (Siberetal. 1977, Healey 1879, Simensiad
and Sak 1982, Kaeriyama 1288). Young chumsatmon
are size-selective leaders (Feller and Kaczynski 1975).
Feood imitationin shallow watersmay induce movemen
o deeper walers (Healey 1380, Simenslad and Sak
1882} where juvenile chum salmen shifl their diets to
include mare pelagic prey, such as calancid copepods,
hypenid amphipods, crustacean larvas, andlarvaceans
{Fresh et al. 1981, Simenstad and Salo 1982, Kaerlyama
1986). In the ocean, jveniles and subadulls feed on
euphausiids, squids, pleropods, and [ishes
{Andrievskaya 1957, Allen and Aron 1958, LeBrassaur
1866, Peterson el al. 1982, Pearcy e al. 1984).

Biological Interactions

Predation: In freshwater and estuarine emironments,
this species' primary predalors are probably other
salmonids,. Chum salmon fry are reporiedly ealen by
juvenile coho (O. kiswich), sockeye (0. narka), and
chingok salmon (2. ishawylscha), cutthroat (O, clank)
and rainbow trout (O mykiss), Dolly Varden | Saivelinus
maima), sculpins, Pacific cod [ Gadus macrocephalus),
and birds [belted kingfisher (Megaceryle alcyan),
merganser (Merginae), and others] (Bakkala 1970,
Scott and Crossman 1973, Bax el al. 1980, Fresh
13684, Nagata and Miyamola 1986). Predation rates
are variable, depending on such factors as predator
and prey size, the alevin's amount of yolk, abundance
of Iry, and composiion of olhar pray (Hunter 1953,
Fresh and Schroeder 1987). Al sea, juveniles are
prayed on by lamprey, shark, and probably other langes
predatory fishes. Subadull and adult chum salmon are
eaten by killer whales (Oroinus orca), harbor seals
(Phoca vitukng), and other marine mammals (Fiscus
1980). Bears and large predatory birds such as osprey
(Pandion haliaefus) and bald eagles [Halsselus
levcocephaiys) prey on spawning adults (Scolt and
Crossman 1973).

ﬂ:umsaﬁppﬂ_!:pﬂmuﬂ

ipnz: To augment natural

Eactors Inflyencing Populalions:
produclion, chum salmon are produced by halcheries

in Oregon, Washington, Alaska, Canada, U.S.5R..
and Japan [Alkinson et al. 1967, Sano 1867). Over
23.7 milion juveniles were released from hatcheries
along the Pacific coast in 19768 (Wahle and Smith
1979). However, in 1887, over S0 milllon chuminy were
raleased just in Washington (Abrahamson 1888). In
Japan, over 2 bilion fry are relzased from halcheries
annually (Kaeryama 1988). Mos! natural morality
occurs in fresh water during the embryonic stage as a
resultof poor environmental conditions such as siation,
low dissohred coygen, spawmng gravel disruplions,
and freezing (Mciell 1966, Wydoski and Whitnay
1973). Beacham and Starr (1982) concluded 1hal
freshwater survivalin Canada's Fraser Riverwas mostly
a function of interactions among temperature, raindall,
and egg abundance. Human alerations of lreshwater
habital cawsed by improper logging practices,
hydroelectric and irrigation developmenis,
channalization, chemical and pellutant introductons,
and other factors can lower chum salmon production
(Bottom et al. 1985, Holtby and Scrivener 1983). High
river lemperaturas aflect chum salmon migrations and
rate of maluration, cause direc morntality, and Increase
the incidence of diseases (Hale at al. 1985). Survival
of chum salmon eggs iscorrelaled with the permeabilty
ol the redd to water flow (Pauley el al. 1988). Besides
iheir initial freshwater residency, early estuaring and
marine residences appear fo be crfical panods for
chum salmon and can aftect the eaventual numbsar of
raturning adulls (Bakkala 1970, Bax 1983). Bax (1983)
showed that chum salmon in Puget Sound can have
high early marine mortality. Parker (1971) suggested
that chum salmon fry must “oulgrow”  their manns
predators. Stream temparaiures afiect fry emargaence
and migration, and may prompl synchronzed amigration
during “windows of opporunity” (Holtby et al. 1983).
There also appears 1o be adverse intgractions behweean
pink salmen (. gorbuscha) and chum salmon, based
on fewer chum salmon retuming to spawn in years
when pink salmon are abundam (Ames 1283, Fresh
1984). Beacham and Starr (1982) suggested that
compelition between chum and pink salmon in the
Fraser River estuary or Slrail of Georgia reduces
eventual adult chumn salmon abundance. Andravskaya
(1970) foundihatin years of kow pink salmon abundance,
chum and pink saimon in the ccean eat similar pray,
But in years of high pink salmon abundance, chum
salmon consume differant prey. Fishing pressure also
altects abundance. The Japanese high seas salmeon
fishing fleets and an unrestricled squid gilinet fishery
take an unknown bycatch of chum salmaon irom MNorh
Amarica.
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Coho salmon

Oncorhynchus kisutch
Adults

10 cm

Common Mame: coho salmen

Scientific Name: Oncorhynchus kisutch

Other Common Names: silver salmon, blueback
salman, hookbill, hooknose salmon, hoopid salmon,
jack salmon, medium red salmon, salmon trout,
siverside salmon, white salmon {Scolt and Crossman
1973, Shiino 1978, Laulle et al. 1986)
Classification (Robins et al. 1980)

Phylum: Ghordata

Class: Ostachihves

Crder: Salmoniformes

Family: Salmonidae

Value

Commergial: The coho salmon is fished commercially
from Morton Sound, Alaska, south to northemn Japan,
and akong westem Morh Amencalo norham Calitornia.
It is alsa fished on the high seas (International North
Pacific Fishery Mangement Council 1979). Coho
salman make up 8-11% of the telal Pagcilic salmanid
calch (Forrester 1982, Takehama 1983). This species
isusually ranked lourthincommercial catches (numbers
and weight) ol salmonids [behind pink (Oncorhynchus
gorbuschal, chum (O. kefa), and sockeye salman (O,
nerka)]. Anannual average of 19,5001 were landad in
the United Siates from 1980-1984 [National Marine
Fisharies Service 1988). The 1985 commercial catch
was worth approximately $46 million {Mational Maring
Fisheries Servica 1986). Itis commarcially caught with
gill nets (drift and set), purse saines, real nels, and
trolling {primary method). Some fish are canned, bul
most are sold fresh or fresh-frozen lor human
consumption. About 75% of tha LS. calch comas from
Alaska and is harvested primarily during July and
Augusl. Mative Americans are aliocated 50% of the
coho salmon harvest in Washington (Clark 1985),

Becreational: The coho salmon is the primary target for
many manne and lreshwater sport fishermen on the
Pacific coast. A total of 674,000 fish (nol including
ireshwaler calch) were caught by spont anglers off
Calilomia, Cregon, Washinglon, and Alaska in 1984
(Pacific Maringe Fizhenes Commizsion 1988). Spor
caught coho salmon originating from the Columbia
River were estimated 1o be worth over 530 million
(Richards 1986). Mosi coho salman are caughl by
trolling (inocaan and estuarias), but thay are alsotaken
by spincasting and fiy-fishing. Itis a highly-estosmead
sport fish because ol ils abundance, availability, siza,
lighting ability, and excellent taste. This species was
introduced indo the Greal Lakes and & now very
abundani there (Momow 1380).

Indicater of Environmental Strass: Reduced run sizes
are often the resull of adverse environmental and
habitat changes. Coho salmon exposed to low
concentrations of aromatic hydrocarbons decrease
leeding, while fish exposed io high concentrations may
stop feeding for days (Purdy 1988). See *Factors
Influencing Populations™.

Ecological: The coho salmon is a common species in
many coastal streams (Atkinson et al, 1967). Stream-
dwelling juveniles ara tarritorial (Shapovalov and Tatt
1954, Steine e al. 1972) and somelimes pray on olher
salmonids (Fresh and Schrosder 1987). Subadults
and juveniles are comman in nertic waters ol Oragon
and Washington (Fisher et al. 1983, Fisherand Pearcy
1985).

Range
Overgll: The coho salmon spawns in coastal streams
from northern Japan o the Anadyr River in Siberia and
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Table 1. Relative abundance of coho salmon
in 32 U.5. Pacific coas! estuaries.
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tremnorthern Monierey Bay, Galifornia, 1o Point Hope,
Alaska [Moyle 1976). Inthe ocean, Hoccurs incoastal
waters from Baja California to the Bering Sea (Han
1973, Hartt and Dell 1986).

Within Study Area: This species occurs in all estuaries
north of Monterey Bay, California, to Puget Sound,
Washington (Table 1). Il is very rare in San Francisco
Bay (strays). Major L1.55. spawning grounds (oiharthan
A{.aﬁﬂ;-:}a]amh'h'-rammn and Qregon (Atkinson el al,
1967).

Lite Mode

The coho salmanis an anadromous species. Eggsand
tarvae (alevins) are benthic and infaunal. Young
juvenibes (fry and parr) are benthopelagic. Parrbecome
pelagic and acquire a siver color when thay transform

into smalts (juveniles that migrate to the ocean). Smaolts,
ocean-dwelling and maturing juveniles (subadults),
and adults are primarily pelagic (Shapovalov and Taft
1954). Subadulis and adults in rivers and streams arg
botlom-oriented.

Habitat

Typa: Eggs, alevins, fry, and parr are rivering. Eggs
and alovins occur primarily in ritfle areas of straams.
Fryinhabit shallow siream areas adjacent 1o pools, but
move ino deaper waters as they grow (Shapovaloy
and Taft 1954, Moyle 1876). Smolts are found inrivers,
esiparies, and nearshore coasial walers. Inestuanes,
smolls occur in intertidal and pelagic habitats
(Simenstad and Eggers 1581, Durkin 1982, Myers and
Horon 1982), with deep, marine-influenced habitats
often prelerred (Macdonald ot al. 1987). Smolls are
epipalagicinolishors marng waters (Milleret al. 1983).
Subadults range from neritic to oceanic (Hant and Dell
1986). Adults are estuarine and rivenne,

Substrate: Eggs are buried in areas thal are composed
of gravel ranging from 1.3-10.2 cmin diameter (Reiser
and Bjornn 1879, Bell 1984). Cohosalman are the only
salmon whose redd can contain up1o 10%: mod (Bumer
1951). Juvenilesin streams are not subsirale selective,
but preler areas with good cover and food availabildy.
Smoits, subadults, and adulis can be found migrating
over a wide range of substrates (mudilats to rocks),

PhysicalChemical Characieristics: The coho salmon
is found in fresh waler 1o suhaline waters. Eggs,

alevins, Iry, and parr occur in fresh water. Smolts and
adults ane euryhaling, Eggs and alevins are found in
waters ranging from 4.4-21.0°C (Befl 1984), but 4.4-
13.3°C is best for egg Incubation (Reiser and Bjomn
1979). Juveniles prefer stream tempaeratures of 11.8-
14.6°C, with 25.1%C the upper lethal fimit {Brett 1952).
Growth ceases above 20.3°C because of increased
metabolic rate (Bell 1984), However, other water
quality parameters can lower this upper thermal limit
{Ebel et al. 1971). Waler lemperalure can also affect
juvenile asmoregulatory ability (Zawgg and Mclain
1976). Al sea, mos! coho salman are found in waters
that are 4.0-15.2°C, (Godirey et al. 1975, Fredin et al,
1977). Adults can migrale upsiream in velocities up fo
2.44 mysec; juvenilas prefer stream valocities of 0.09-
0.46 mvsec depending on the habital (Retser and
Bjornn 19789). Adequate siream cover is impartant fo
freshwater lile stages. Juveniles and eggs requing
well-ox waters. Dissolvedoxygen (DO) levels
below 8 mg/l sharply reduce embryoa survival (Phillips
and Campbell 1968) and DO levels balow 4 mg/l
reduce uvenile food consumplion, food conversion,
and growth (Herrmann et al, 1962). Low pH (below
5.01) canbelethal to newly-hatched alevins (Rombough
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1983). Adults need a minimum depth of 18 cm 1o
rmigrale and spawn (Thompson 1972). Shodt-term
pulses of suspended sediment in streams can cause a
breakdown of social organization, a change in
aggressive behavior, an increase in activity, and a
decreasa in leeding ability (Berg 1982). High turbidity
can alfect emergence and growth of young coho salman
[Sigler 21 al. 1984) and also ahers leeding habits
(Reiser and Bjormn 1979).

; Ower their range, adul
coho salmon can be lound 1o migrale inlo their natal
streams from June to February and spawn from
September through March (Washington 1982). F
initially Ive and school in shallow gravel areas, but
soondispersa upsiream and downsiream and 1o deaper
waters as they grow. Fry may bedisplaced downsirgam
by fall freshets. Fry may enter inbutanes, sloughs, and
side channels o overwinler, and refurn lo the
mamsiream in spring [ Tschaplinskiand Hariman 1982).
Alter residing approximately one year in fresh waler
(wo or more in northern streams) most juveniles will
migrale o the ccean (oulmigration) (Gribanov 1548,
Godirey 1965). Most juvenilas culmigrale lrom Apello
August, peaking in May (Shapovabow and Talt 1954,
Deschamps el al. 1971, Simenstad and Eggers 1881,
Myers and Horton 1982, Dawley el al. 1986).
Outrmigration has been repored to occur al might
{MeDonakd 1960) and day (Durkin 1982, Dawley of al.
1986). Migraling smolis are approximately 8.8-13.8
cm long (Salo and Baylitt 1958, Durkin 1882), with
larger smolts migrating sooner than smaller smaolis
{Durkin 1982). Limiled estuaring réanng occurs in the
Columbia River estuary (Dawley et al. 1986). However,
in Pugel Sound, residency for coho salmon smalts was
estimated 10 be 6-40 days, with 3-5% of the naturally-
produced yearling coho salman residing inside the
Strait of Juan de Fuca until maturity (Simenstad et al
1982). In Yaquina Bay, Ovregon, a few overwinter
within and near the bay, but most juveniles migrale oult
of the bay in 2-5 days {Myers and Horlon 1882). Some
eahe salmon Iry in Canada may rear in estuaries lrom
March to Oclober or Movember [Tschaplinski 1982).
Once in the ocean, smolts Irom Oregon and coastal
Washington rivers appear 1o initially head south, but
later head north (Pearcy 1984). Most Oregon coho
salmon probably remain incoastal waters off Calilomia,
Oregon, and Washingion (Parmenter and Bailey 1885,
Pearcy and Fisher 1988). However, during the first
summer some may make extensive migrations 1o the
Gull of Alaska (Hart and Defl 1988}, bt by their
secand summer, many will be captured by sport and
commercial fisheries near their river of origin (Wright
1968). Both juveniles and adults stay near the surface
{within 10 m), except when the sed is covered by alayer
of warm water (Fredin et al. 1877). Maturing coho

salman can migrate up o 30 kmfday (Godirey of al
1975). Ocean migration appears to involve the use of
magnelic inlormation, celestial cues, and polarized
ight. Offaction appears to be the dominant guidance
mechanism during the riverme {(spawning) migration
(Brannon 1982, Quinn 1982, Hasler and Scholz 1983).

Reproduction

Moda: The coho salmon is gonochonistic, oviparous,
and semelparous (all adults die after spawning). Eggs
are ledilized axjemally,

MatingSpawning: Spawning occurs from Seplambar
1o March (depending on location). Peak spawning
occurs from September 1o Fabruary in the Columbia
River (Netboy 15980) and MNowvember o January in
Califormia (Moyle 1976). Thsspanrﬂstypmalryspawts
in small streams (sometimes in large rivers) within 240
km of the rver mouth (Laulle et al. 1986). Although
coho salmon may spawn in the same habitats as
chinook salmon (Bumer 1951), it normally spawns in
areas that have lower stream velocities, shallower
depths, and smaller gravel {Fraser el al. 1982). The
coho salmon iypically spawns in riffle areas where
water velocilies are 0,08-0.70 mv'sec, siream deplhs
are 0.05-0.66 m, substrate gravel ranges from 2-15cm
in diameter, and waler lemperatures are 4-14°C
(Schonidt et al. 1979). Spawning adulls are dimorphic.
Males have a thick, hooked snoul, exposed teeth, and
change color, while females change litthe (Scotl and
Crossman 1973). Females seblect and build the redds
and bath sexes aretemitonal. Adomnant {larger) male
moves inlo the nest and spawns with the lemale when
ready. Al thistime subdominant males may dar inand
release sperm (Scott and Crossman 1973). Females
will spawn in upiofour different nests and with differem
males. Eqggs are covered by he digging and
displacemant of gravel upstream (Scott and Crossman
1973). Redds average 2.8 m7 (Burner 1951), with eggs
buried an average of 22.0 cm deep (Gribanov 1948).

Espundity: In Morth Amernca, a coho salmon lemale
can lay 1,000-5,700 egns (depending on size) (Scolt
and Crossman 1873, Movle 1978). Average lecundity
is aboul 2,500-3,500 eggs per female [Rounsefell
1957, Crone and Bond 1976, Wydoski and Whitney
1979). In Kamchatka, U.5.5 R., tha average is about
5.000 eggs per female (Gribanoy 1948).

Growth and Development

Egg Size and Embryonic Developmen: This species’
egg is relatively large and second only 10 the chinook
salmon's in size (Rounseledl 1557). In Canada, coho
salmon eggs have a diameter of 4.5-6.0 mm (McPhail
and Lindsey 1970}, but are reporied o be 6.6-7.9 mm
in diameter in the U.S. (Bell 1884), Embryonic
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development is indirect and external. Eggs halch in 38
daysat11°C, 48 days at9°C, and 86-101 days at 4.5°C
{Laufle et al. 1986).

Age and Sizeof Larvae: Larvae (aleving) are 17-19mm
long at haiching and grow to 27-30 mmin length before
the yolk sac is absorbed (Gribanov 194B). I lakes
about 2-5 weeks (depending on lemperalurg) before
larvag absorb the volk sac and leave the gravel
[Gribanov 1948, Laulle et al. 1988).

Juvenile Size Range: Juveniles range from 3 cm to at
Ixast 40 crm long (Gribanoy 1948).

Age and Size of Adulls: Most coho salmon mature and
spawn during their 3rd year, bul some malure as 2-5
year-olds (Sooll and Crossman 1973, Moyle 1976).
Two-year-okd mature males thal have spend only ona
summer in the ocean are call “facks”. O Oregon and
Washingion, “jack™ abundance |s a good predictor of
nexl year's three-year-obd coho salmon abundance. In
the Fraszer River, Canada, the coho salmon run is
usually compesed of 923 three-year-olds, 4% lour-
year-olds, and 4% “jacks" (Fraser &l al. 1982). Adulis
rangs from 40-99 cminlength (Grbanoy 1948, Kesshar
1885).

Food and Feeding
Trophic Mode: Larvae feed onthelr yolk. Juveniles and
subadulls are camivorous, “opporunisiic” leeders.

Ecod items: Once fry emerge they begin feeding on a
wanely of terrestrial and agquaticinvenebrates (spidars,
mites, Insects, snaiks, elc.) (Shapovalov and Taft 1954,
Scolt and Crossman 1873). Par may eatinveriebrates
and other salmon (Roos 1960, Fresh and Schroeder
15687). In reservoirs, parr leed on zooplankion (e.q.,
Daphria), insedcts, and amphipods (Wydoski and
Whitneay 1578, Muir and Emmett 1988). In esluaries,
they feed primarily onlarge plankionicorsmall nekionic
animals, such as amphipods (Corophium spp.,
Eogammarus spp.), insects, mysids, decapod larvae,
and larval and juvenile fishes (including other salmonids)
(Levy and Levings 1878, Fresh et al. 1979, Simenstad
and Eggers 1981, Durkin 1982, Pearce el al. 1982).
imitially, ocean-dwelling coho salmen eal decapod
larvae, gammarnid and hyperd amphipods, suphausiads,
terrasirial insects, copepods, cephalopods, Cnidaria,
gastropods (Limacina helicing), plankionic annelids,
and larval and juvenile fishes (Pelerson et al. 1983,
Emmelt et al. 1986, Brodeur @t al. 1987, Brodeur
18848). As fhey grow, juveniles become mare
piscivorous, eating northern anchovy (Engraulis
mardax), Pacific hering [ Clupea palas), Pacific sardine
(Sardinops sagax), juvenile scorpaenids, capelin
(Mallcius wvilosus), and other fish specias [Silliman
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1941, Ito 1964, Scoit and Crossman 1873, Fresh el al.
1281}, Ancpporunistic feeder, the coho salmon's diet
differs spalially and temporally, and probably reflects
relative prey availability { Prakash 1962, Brodeur el al
1887).

Biological Interactions

Predation: Infresh waler, uveniles are eaten by other
fishes, including coho salmon smoils, culihroat froul
(0. clarki), rainbow troul (O mykiss), Dolly Vardan
(Salvelinus maima), squawlish {Prychochailus
oregonensis), and sculpins (Scott and Crossman 1873).
Marine fish predators include spiny dogfish (Squaius
acantiras) and other sharks. Juvaniles are also ealen
by birds such as mergansers, belled kingfishers
(Megaceryle alcyon, loons [(Gawia spp.). gulls, and
comman muires (Una aalge) (Scoll and Crossman
1973, Varoujean and Matthews 1983). Manng
mammals such as harbor seals (Phoca wilufing),
norifemn and Caklomia sea lions [ Eumefromias fubala
and Zalophus caffornianus, respectively), and killer
whales (Orcus orefnus) will also eat coho salmen. Most
marine mammal predation occurs in nearshore,
esluaning, and river areas (Fiscus 1980, Beach e al
1881). Onthelr spawning run, cohe salmeon are taken
by bears and other mammals, bald eagles (Halaesius
levcocephalys), and osprey | Pandion habaelus).

Eacloes Influencing Populations: Freshwater monality
i5 high, with only 0.13-12.09% sunvival from egg 1o age
1 smolt expected (Fredin et al. 1977). This morality is
related lo habital suilabity and alteralion, disease,
pradation, disruption of aggs and larvas, siltation, lood
abundance, and compelition with other fishes
{Chapman 1966, Steine ef al. 1972, Fredin et al. 1977,
Reiser and Bjomn 1979). Man-induced changes 1o
sireams by improper logging, road construction,
irfigation, poliutants, dams and resenvoir construction,
channelization, residential development, and
agricultural practices can cause physical and chemical
alterations which may be detrimental to coho salmon
production (Relser and Bjornn 1979, Lautle el al, 1986,
Scrivener and Brownbes 1983). Summer streamiiow
affects sunvival and i an important determinani of
Puget Sound coho salmon runs (Mathews and Olson
1980). Valley tributaries and sloughs may beimportant
for winter survival for many coho salmon juvensles
(Tschaplinski and Hartman 1982). Marine maortalily
¢an also be high; Lander and Henry (1973) estimated
thai only 5-6% of Columbia River smolls survived after
13.5 months at sea. Year-class strangth appears o ba
delarmined very early In ocoan residence and may ba
related 1o predation rates (Fisher and Pearcy 1988).
Ricker (1978} estimaled that the alfshore troll fishery
kills one coho satmon (below legal size) for every bwo
landed, Coho salmaen abundance has been comalated
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with ocean “upwelling” one year earlier (Gonsolus
1678). The Oregon Production Area coho salmon
population has gone from predominantly high-survival
wild fish to predomenantly low-survival hatchery fish
(Mickelzon 1986). Owar 62 millan hatchery smolls
were released inthe Oregon Production Area (Monterey
Bay, Califomia to Leadbetter Poinl, Washington) in
1981, including 24 milion from private halcheries
{Nickelson 1986), Hatcheries (private and public) play
adomanant ralein the abundance of this species in the
Pacific Morthwest, However, the inmroduction ol hatchery
coho salmon presmolis into streams appears (o reduce
wild coho salmon populations (Mickelson ef al. 1988).
Halcheries may also precipitale overharvest of wild
stocks and cause density-dependent manality in both
freshwaler and marnine environments (Lichalowich and
Mcintyra 1987). Coho salmon smolls may need to
reach a “gritical size” for proper smoliification and
marinesurvival, Hence, growthand time ol relaase ane
impariant attributes for hatchery fish (Bilon et al. 1982,
Mahnken et al. 1982), Thomas (1985) found a
correlation between coho salmon hatchery production
and a decline in ceniral California Dungeness crab
(Cancer magister) abundance, probably related to
coho salmon feeding on crabmegalopas, ElNIfo also
affects coho salmon abundance (Hayes and Henry
1985). Finally, Japanese high-seas fishing fleets take
unknown numbers of cohe salmon and the squid gilinet
fisheries may also 1ake coho salmon incidentally,
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Stealhead

Oncorhynchus mykiss
Adults

10 &m

Common Name: stéethead (rainbow trout)
Scientitic Name: Oncorhynchus mykiss, previously
known as Salmeo gairdner (Smith and Stearley 1988)
Other Common Names: Kamchalka salmon-troul,
coasial ranbowincul, silveriroul, salmontroud, irgnhead,
chromer, hardhead, steelie, sea-run rainbow frout,
seatroul, silvarsides, or summer salmon (Paulay et al.
19886)

Classiflication

Phylum: Chordata

Class: Oslsichihyas

Order: Saimoniformes

Family: Satmonidaa

Value

Commercial The peak commercial catch (3,900 t) of
steethead occurredin 1845(Sheppard 1972). Presently,
only Native Amencans are allowediofish commercially
for steethead in Qregon and Washington. In 1985, 342
I were landed in the Columbida River, caught primariky
wilh gillnets {Bohn and Mclsaac 1986).

Becreational: The steelhead is a highly-prized sport
fish because of iis size, lighling abiflies, and excelant
tasie, Mearly all recreational fishing occurs in stréams
and rivers. In Washington, sleelhead aliacalion is
divided 50:50 between Mative American and non-
treaty lishermen [Clark 1985). Although much natural
reproduction occurs, steelhead abundance has been
augrmeniad by halchery production (Larson and Ward
1954); approximatefy 17 million slegihead smofls were
planted in the Columbia River basin in 1387.

indicator of Environmental Strass: This species is
susceptible to changes in temperature, dissolved
oxygen, substrate, water depth, waler velocitias, and

suspended sediment (Relser and Bjomn 13739, Bell
1984).

Ecological: The steethead is a dominant fish in mary
coasial and inland streamainivers.

Range

Overall: This species was originally found from
nofhwastarn Mexico 1o Kuskokwim River, Alaska
Mow it Is rarely found south of the Venlura River,
Calitornia (Wydoski and Whitney 1979, Bamharl 1386).
Itis also foundin Kamchatka and Okhotsk Seadrainages
{McPhail and Lindsay 1870).

Within Study Area: The steethead is foundin all Pacific
coast estuaries norh of San Francisco Bay, Cakfomia
{Table 1) (Monaco et al. 1990). A small run occurs in
Moo Bay, Califorréa (Horn 1980).

Life Mode

The steelhead is the anadromous form of the rainbow
irout. Epgs and larvae (alevins) are benthic and
infaunal. Young juveniles (fry and parr) are
benthopelagic. Pamr become pelagic and acquire a
silvar color whan they transform imlo smolls (juveniles
that migrate iothe ocean). Steelhead parrargtermiiorial
and reside in sireams and nvess from 1 10 4 years
belore transiorming Into smalts (Pauley &1 al. 1386).
amolis, ocean-dwelling and maluring juvenilas,
[subadulis), and adults are epipelagic (1o depths of 23
m) (Okazaki 1983, Alaska Depanmem of Fish and
Game 1985). Subadults and adulls in rivers and
sireams are bollom-oriented.

Habhat
Tvpe: Eggs, alewvins, Iry, and parr ane fivering. Smolts
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Table 1. Relative abundance of steelhaad in 32 U.S. Pacific coast estuaries.
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are rivering and estuarine. Fry and parrreside in areas
thal have cover and move 1o deeper water (such as
pocls) as they grow, Subadults and adulls are found in
coastal neritic waters during ocean residence and in
riverine habitats during Lhe spawning migration. Smolls,
subadults, and “kelts” (spent adults) migrate through
estuaries, bul this species does not spend much time
rearing in estuaries (Dawley et al. 1986).

Substrate: Eggs are lound In redds made in areas
conaining medium and small gravel (<85 mm in
diameler) (Shapovalov and Taft 1954, Alaska
Depanment of Fish and Game 1985). Fry overwinter
in siream areas where rubble is present. Spori-caught
adults are often captured below spawning tributaries in
swift-flowing waler containing boulders {Scolt and
Crossman 1873). Oceanic juveniles and adulls are

survives temperatures from Q- Eﬂ“l:: but at the upper
limit watler mus! be saturated with dissolved oxygen.
The best lemperatures for growth and development
are 13-21*C (Moyle 1976). Freshwater lile slages
prefler temperatures of 10.0-12.8°C (Bell 1984):
spawning occurs at 8.0-155°C (Wang 1886), The
slaelhead appears to grow best in slightly alkaline (pH
= 7.0-8.0) waters (Moyle 1976). Eggs, aloving, Iy, and
parr are only found in fresh water. Juvenile salmnity
lolerance is determined by fish size and water
temperature (Johnsson and Clarke 1988). Successiul
smoltification appears 10 be lemperaiure-dependant
(Zaugg et al. 1972, Adams el al. 1975). Smolls,
subadulls, and adulls are found in fresh 1o marine
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watars. This species’ ocean distribution is influenced
by sea surface temperatures (Sutherland 1973).

Migrations and Movemenis: The steelhead has
excellent homing abilfies, so unique stocks or races
hawve developed in spedlic drainage areas or sireams
{Maovle 1976). Al least two races exisl, as defined by
when adull fish enter fresh water 1o spawn (Smilh
1850). The winler run migrates upstream during fall,
winder and early spring, while the summer run migrates.
during spring, summer, and earty [all {Ball 1384). Inthe
Columbla River and other large riwers with many
Inbutasies, there are probably some siealhead entanng
year round. Adulls appaar io anter spawning streams
during freshets (Pautzke and Meigs 1940). Juvenile
steelhead normally rear in fresh water for 1-4 years
(usually 2or 3). They thenmigrate to the ocean (during
spring-early summer) where they spend 1-5 years
{usually 2 or 3) before retuming 10 their nalal river. In
some northern California and southemn Oregon Rivers
{e.g., Klamath, Eel, and Rogue rivers), a "half-pounder
run exists. These are immature fish (weighing
appraximately one-hall pound) that refurn o dvers and
sireams alter st a few menihs in the ocean. Thay
overwinier in streams and then migrate back o seain
the spring (Kesner and Barnhar 1972). Wirually all
summer steelheadiromihese rivers make hall-pounder
migrations, bul only a small percentage ol winler
steglhead do (Salterthwaile 1988). Hal-pounders
appear 1o stray significantly more than adulls
(Satterthwaite 1988). Smolts and adults spend Ettle
timeinestuaries (Dawley et al. 1985). Inthe ocean, the
stealhead is most abundant in the Gull of Alaska and
the eastern Nonh Pacific (Suthertand 1873). In some
Calfornia coastal streams, it may return only in the fall
because river mouths are not open (i.e., lack sufficient
depth) until after heavy rains (Fry 1973).

Reproduction

Mode: The steelhead is gonochoristic and oviparous;
egos are ledilized extemnally. This species ditfers from
all other members of the genus Oncortynchus(except
cutthroat trout, O. clarki) in that it is iteroparous.

Mating'Spasming: Winter-run steelhead typically spawn
from December to June (Bell 1984), while summer
slealhead (which refumn lo Iresh waler in spdng and
summer}do not spawn until the following spring | Everest
1973). Spawning periods vary from north to south and
by river sysiem (Lesder et al. 1984}, Females build
redds (up to 5.5 n)in areas with appropriate gravel
and waler flows. The mating male delends the femala
and redd lrom intrudars and ferilizes the eggs as the
lemale extrudes them (Shapovalov and Taft 1954).
Spawning occurs day and night. Spent adulls (kelis)
may nol die after spawning, but inslead move back to

the ocean and retum a year or more later 1o their natal
siream as “repeal spawners”. The percentage o
repeal spawners appears 1o vary according to stock,
habitat qualty, fishing inensity, and management
practices (Shapovalov and Taft 1854, Withler 1868,
Jones 1977, Barnhart 1986). Famales survive spawning
mane often than makes (Withler 1988); up to five imas
has bean documented [Jones 1384).

Eecundify: Fecundity varies with female size and
geographic origin (Buckley 1867). Mos! females
produce an average of 1,500-5,000 eggs (Bell 1984),
alihough large females may produce over 12,000 eggs
(Maoyhe 1976).

Growlh and Development

Egg Size gnd Embryonic Develpment: Eggs are
sphancal, non-adhesive, and 3.0-6.2 mm in diameter
(Scott and Crossman 1973, Wang 1986). Embryonic
development is indiregd, exlernal, and has an alevin
(protarval) stage. Eggs halchin 18-101 days, depending
gnwatertemperature and oxygenconcentrations (Sitver
et al. 1963, Carlander 1969),

Age and Size of Larvae: Alevins are 14.0 mm long at
hatching, and grow 1o a length of 28.0 mm belore

becoming juvenikes (Wang 1988,

:Juvenile kEngths are exiremely
variable (2.8-40.8 cm), depending on age and
environmental conditions [Scott and Crossman 1973).

Ape and Size of Adults: Wild fish usually spend 2-4
years in fresh waler and 1-5 years at sea. Most
hatchery fish spend only one yearin fresh water, Most
returning wild fish are 2/2, 273, 3/2, and 3/3 (years in
freshwateryears inocean), whilke hatchery fish are 1/1,
172, or 13 (Pauley et al. 1386). The more lime spent
inthe ocean (during theinitial ocean residency), usually
ihe larger the fish Is al maturity (Maher and Larkin
1954). Mature steselhead range from 45-70 cm In
length and usually 2-5 kg (Shapovalov and Tal 1554,
Wydoski and Whitney 1979, Jones 1584). However,
sieelhead can reach nine years (Washington 1970,
122 cmin length (Scott and Crossman 1873}, and 19.5
kg (Hart 1973). Fish in the southern par of the range
are smaller and spand lass time at sea thanthose tothe
north (Withler 1966). Adulis averaged 58.1 cm in
length in Calilomia, 86.7 cmin Oregon, and 71.0 cmin
southern Brtish Columbia (Withler 1966).

Food and Feeding
Trophic Moda: Larvaelead on [heir yolk. Juveniles amnd
adulls arg Carmvorgus.

Food Hems: Infreshwater and esluanine areas, primary
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food iems include gammard amphipods, small
crustaceans, insecls, and small fishes (Moyle 1576,
Wydoski and Whitnay 1979, Loch 1982, Dawley etal.
1986). In the ocean, juveniles and adulls eal
crustaceans, insecls, squid, and fishes (LeBrasseur
1966, Wydoski and Whitney 1879).

Biological Interactions

Bredation: Infreshwaler, this species is ealen by coho
salmon { O, kisutch), char| Salvelfinus spp.), Mergansars,
gulls, belted kingfisher (Megacende alcyon), baars,
marten {Mades amencana), otter {Louira canadensis),
and other steelhead. In the ocean, Pacific lamprey
[Lampelra tndentals), seals, sealions, and killer whalg
(Owrcinus orca) prey upon this species (Scoll and
Crossman 15973, Simenstad et al. 1973},

Eactors influencing Populations: Freshwater life stages
are often adversely atfecled by natural and human-
induced habilat alerafions. Most natural monality
oocurs inthe egg and larval stages (3755 (Shapovalkoy
and Taft 1954}, Factors which influence freshwaler
monaily include the number of eggs deposited, sltation,
dissched oxygen, water velocity, lemperature, turbicity,
depth, barrigrs, pelliution, and competiion with other
fishes {Pauley el al, 1286). Sundvalof migraling smofls
is size-gependent, with larger and older fish having
higher survival rates (Pauley et al. 1986, Ward ef all.
1989). “El Mifo™ (i.e., abnarmally warm ocean
conditions) also alfects survival and growth (Pearcy et
al. 1585). Overlishing has reduced some populations
and the proliferation of halchery smolls can advearsely
affectwild fish populiations { Pauley et al. 1888). Hatchery
fish do mol have survival rales as high as wild fish nor
ara thay as successiul in producing smolted ofispring
{Chilcote et al. 1986). Many wild stocks in Washington
appear 1o have reduced genelic divarsity because of
interbreeding with hatchery-produced fish
(Reisenbichler and Phelps 1988). Some siocks are
mane resistant 1o disease than others (Wade 1936).
Hence. intarbreeding batween wild and hatchery fish
may produce fish with lower resistance to disease.
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Sockeye salmon

Oncorhynchus nerka
Adults

10 cm

Common Name: sockeye salmon

Scientific Name: Oncorhynchus nerka

Other Common Mames: red salmon, kokanee
(landiocked populations), blusback, redfish, Fraser
River salmon, nerka, sau-sui salmaon, sukkegh salman,
Kennerly’s salmon, koolenany salmon, silver trout, lile
rediish, princess trout (Shiino 1976)

Classification (Robins et al. 1980)

Phiylum: Chordata

Class: Osteichthyes

Crder: Salmoniformes

Family: Salmonidae

Value

Commercial: The sockeye salmon is a prized
commercial fish because of its excellent lesh color and
flavor {Scott and Crossman 1973). Itis second only to
pink sabmon {2, gorbuscha) inUL.S. salmonid landings,
butfirstinvalue. In 1285, U.S. ishermen received over
5239 million for their sockeye salmon catch (Maticnal
Marine Fisheries Service 1986), In 1978, U.S. lisharmen
caught over 19 million sockeye salmon, primarily in
Alaska (Forrester 1981). The sockeye salmon is
caughtthroughout the North Pacific (Japan to Oregon),
with U5, lisheries catching most (Fredin 1980). U.S.
commencial caiches of sockeye salmon have fluciuated
dramatically in the past, primarily due to fluctuations in
the important Bristol Bay fishery in Alaska (Fredin et al.
1577). The sockeye salmanis primarily captured by gill
net and purse seine (occasionally by trolling), during
June to August (peak in July).

Begreationgl: The sockeye salmon (anadromous
varigly) does not lake a hook as readily as other
zalmonids. Hence, if is nol considared an impanan
recraational salmaonid inthe study area {although large

calches do occur in Alaska) (Pacific Marine Fisheries
Commission 1987). However, the landlocked variety
(kokanee) is a very imporant freshwater spor lish in
Calilornia, Oregon, Washinglon, Idaho, and Alaska
(Scott and Crossman 1973, Moyle 1976).

Indicatorof Emvironmental Stress: Upstream migrations
may be disrupted when waters have hydrocarbon
concentrations of 1-10 ppb {or greater) (Mariin et al,
1890). See “Factors Influencing Populations”.

Ecological: This species is the third mos! abundant
salmanid in the Norh Pacific [behind pink and chum
saimon (0. kata)] (Fredin et al. 1977).

Range

Cwerall: This is a boreal Pacific species. In Asia, il s
found irom the scuthern Kunle Islands to the northem
seacoastolthe U.S.5.R. InMNorh America, important
spawning populations accur feom the Columbia River
in the south 1o nofhem Alaska in the north (French et
al. 1978). The oceanic distribution ranges from the
eastern Bering Sea southiolat, 45°N, and is associated
with tha California Current as far south as Los Angeles
Harbor (French et al, 1976, Eschmeyer et al. 1983).

i : The Columbia Riveris the southern
limit of all sizable runs (Table 1) (Foerster 1968). The
socheyasalmon is abundant in Puget Sound (Wydoski
and Whitney 18739). Two runs alsoexist onthe northem
coast ol Washington in Lake Quinault and Lake Ozelle
(Pauley et al. 1989).

Life Mode
This is an anadromous species with a landlocked
varigty (kokanes). Eggs and larvas (aleving) are
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Table 1, Relative abundance of sockeye salmon
in 32 LS. Pacific coast estuaries.
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benthicand infaunal. Young juveniles {iry and parr) are
benthopelagic. Parr become pelagic before they
transtorm into smolts (uveniles thal migrate lo the
ocean). Smolls, ooean-dwalling and maturing juveniles
[subadulis), and adullz are pelagic. Subadulls and
adulls in rivers and sireams are bollom-oriented.

Habitat

Iype: Eggs, aleving, and Iry are pomarily riverine
(soma lacustnne); it n lacusinng emvironments they
occur where there is freshwater fiow throuwgh the redd
(Wydoski and Whitney 1979). Parr normadly rear in
lakes tor 1-2 years, feading primarily inthe upper 20 m.
However, in somepopulations parrdonot rearinlakes,
but move downstream after emerging rom the gravel
(Foerster 1968). Anadromous stocks usually smollify
after 1-2 years, bul kokanee remain and complete their

life cycle without geing to sea (Moyle 1978). Smolls are
rivering and estuarine. Ccean-dwelling juveniles stay
inneritic and epipelagic areas until fall and early winter,
then move to oceanic areas (Hartt and Dell 19886).
While in the ocean, they reside in the upper 51 m
(French et al. 1578). Adults are primarily estuarine and
FIvEring.

Subsirate: Eggs and alevins reside beneath finagravel
cobble. Fry and adults occur in the water column, but
are associated with gravel bolloms. Parr, smolis, and
juveniles live in the water column (Foerster 1968, Hart
1973).

PhysicatChemical Characteristics: Eggs, alevins, Iry,
and parr live in fresh water, while smolts and adults
inhabit fresh lo euhaline waters. Ocean-dwelling
juveniles do not appear to be affected by salinity
changes, but are sensitive to temperature variations
(French el al. 18978). Mormal spawning lemperalures
range from 3-7°C (Ricker 1968, Foerster 1968). Adult
sockeye salmon migrale in fiver lemperatures of 7.2-
156°C (Reker and Bjornn 1973). Recommendad
incubation guidelines are: dissolved oxygen al or naar
saturation (lower level of 5.0 mgA}); water temperatures
o 4-14°C; apparent velocity (within the redd) more
than 20 cowihr; and spawning sediment composed of
lzzs than 25% (by volume) fines (=64 mm) (Reiserand
Bjornn 1973), The upper lethal waler temperalure is
24.4°C [Broit 1952}, bul growihceases allemperaluras
above 20.3°C (Bell 1984). Ocean-dwelling uveniles
reside in lemperatures of 1.0-13.0°C (French et al
1976). Low pH can affect the viability of embryos and
alevins { Rombough 1983), and nitrogen supersaturation
can adversely alfect outmigrating smolts (Ebel et al
1871},

Migrations and Movements: Kokanee do not migrateto
sea, bul anadromous stocks migrate extensively,
Sockeye salmon genarally spend 1-2 years rearing in
freshwaler lakes and 2-3years inlheocean. However,
depending on gecgraphic area, they may spend 0-4
years in fresh water belore migrating, and up 1o 4 years
i Ihe ocean (Foorster 1968, Fradin et al, 1977). Aftor
emerging from the redd {January-Juna), fry typically
move upstream or downstream inlo a mursery lake,
although some may move directly 1o estuaries (Foerster
1968). Once in lakes, young sockeye salman live for
approximately 1 month in the littoral zone belore moving
oul into open kake waters, whane they reside uniil they
migrate to sea (McCan 1966, Foersier 1968). While
residing inlakes, uvenides underake verlical migralions,
probably related tofood avallability and predation nsks
(Clark and Levy 1888). Smolts begin to migrate out of
lakes whentemperatures rise to4-74C (usually March-
July) and normally at night (Hart 1973). One exception
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is in Lake Washinglon, Washinglon, where smolls
migrate both day and night (Simenstad et al. 1982).
sockeye salmon smolis in the Pacific Northwest
outmigrate primanty between April and eary June
(Anas and Gauley 1956, Simenstad etal. 1982). Smolts
ara 40-130 mmin length whenthey enter estuaries and
areguidedio ocean waters by salinity gradianis (Healey
1980, Stratly and Jaenicke 1980). Residence time in
estuanes ks shorerthanother salmonid species (Healay
1982, Simenstad et al. 1982). Upon emenng the
GoEan, juvenile sockeye salmon (not including Bristol
Bay stocks) mava north, staying within the coastal belt
of the Gulf of Alaska umlil late-Tfall or earky-winter when
they dispaerse ofishone, moving west and south { French
el al. 1976, Harl and Dell 1888). |n spring and
summar, they move north, bul furn south and weast
again in winter (Franch et al 1876), Migranis inftially
travel 3.9-30.2 kmvday {Hartt and Dell 1986) and older
lesh normally travel 13-33 kmvday. Maluring fsh may
ravel 46-56 kmiday (French el al, 1978). Sockeye
salmon show some disl migralions, moving to tha
surface al night and deeper during the day (French et
al. 1976). North Amarican sockeyasalmon populations
have a single spawning run, eccurring from May to
December (depending ongecgraphic location). Pacific
Northwest adult sockeye salmon migrate into fresh
waler during June 10 August (peaking in early July)
(Simenstad et al. 1882, Bohn and Mclsaac 1986).
Oceanic migration is thought 1o be guided by a map-
compass-calendar system (Quinn 1982), but the natal
stream is located by oltaction [Branncn 1382).

Reproduction

Moda: The sockeye salmonis gonochoristic, oviparous,
and semelparous (all adults die soon after spawning).
Eggs are fedilized extarnally.

MatingSpawning: Pacific Northwest stocks spawn from
August 1o December, with an Ocleber peak (Wydoski
and Whitney 1973, Bell 1984). Except lor a lew
instances, the sockaye salman spawns in rvers and
streamsihal connecttolakes. Spawning occurs mostly
in riffle areas in streams, bul aiso in some lakes down
to 30 m {Ricker 1966); spawning usually oocurs al
depihs <8 m (Moyle 1976). Like other salmansds, the
female builds the redd by tacingupstream and thrashing
her caudal fin against the subsirale. Males may also
make digging movements (MceCan 1963). Males and
lemales are temitonial, defending the nest sile agains!
members of the same sex. During spawning, the male
and female place themsalves in the redd with vents
cloza together and axtrude aggs and sperm with thair
mauths agape and bodies quivenng (Foersler 1968).
Females will repeat the digging shightly upstream,
burying the previous eggs in the process and creating
a new “pocket”. A redd typically has 3-10 pockets

(usually 5) (Hart 1973) and averages about 1.8 m? in
gize (Fredin et al. 1977). Males and females may
spawn with several different fish. Females dafend the
nest site atter spawning until they tire and die. During
their spawning migration, sockeye salmon undergo
saxually dimorphic changes; both sexes develop bright
red bodies and green heads, while males develop a
humped back, hooked snoul, and large teeth (Foersier
1968).

Eecundity: Fecundity dapends onthe size of the lemale
and the siock (Rounselell 1957, Manzer and Miki

18868). The anadromous sockeye sakmon has from
2,200-4,300 eggs per lemale with 3,500-3 600 eggs
per female being average (Harl 1873, Fredin et al.
1977, Bell 1984).

E:mwth and mmmm

Emssman :19?3: and I'.'inthl and Lindsey (1870)
repored sockeye salmon egg diameters of 4.5-5.0
mmi, whereas Bell (1984) reponed eggs 5.5-6.0 mmin
diameter. Embryonic development is indirect and
exlarnal, Hatching can lake slightly less than 50 days
or morne than 5 months, depending on temparature
{(Hart 1973, Scolt and Crossman 1873),

Age and Size of Larvae: Size at hatching has not been
reported but probably 20-25mmitotal length (TL). Aler
haiching, alevins stay inthe gravel lor 2-3 weeks (orup
to 4 months, depending on temperature) and emerge
irom March to June (Hanamura 1966, Ricker 1966,
Harl 1973, Scoll and Crossman 1373, Wydoski and
Whitney 1975). At approximately 30 mm TL, alevins
become fry (Hanamura 1966, Alaska Depaniment Fish
and Game 1985).

Juvenile Size Range: Juveniles range in size from3 cm
to at keast 46 cm TL.

Age and Size of Adults: Adulis average 3.5 cm TL
{50.0-84.0cm), waigh an averageof 3.0-4.0 kg (Fredin
et al. 1977, Boll 1984, Kessler 1985) and are 3-8 years

old (average of 4 years) al spawning (Foerster 1968).

Food and Feeding
Trophic Mode: Larvae feed ontheir yolk. Juveniles and
adults are camivorous (primarily planktivorous).

Food llems: Spawning adults typically do not feed,
however, some will leed when held in net pens. All
free-swimming lile slages are principally plankton
leaders. Plankionic crustaceans such as cladocerans
{Daphnia spp., Basmina spp., elc.), and copepods
(Epischura spp., Cyclops spp.. eic.) are eaten, along
with a variety of 1errestrial and aquatic insects (Ricker

154



Sockeye saimon continued

1866, Foerster 1968, Han 1873, Scolt and Crossman
1973, Doble and Eggers 1978). During thair
downstream migration, smolts may feed heavily on
gammarnd amphipods (Muir and Emmet 1888). In
esluaries, euphausiids, fish larvae, juvenile shoimp,
insects, amphipods, and mysids are eaten (Levy and
Yesaki 1982, Simensiad & al. 1882). In the ocean,
juvenie sockeye salmon feed on euphausiids, hyperiid
amphipods, copepods, decapod larvae, pleropods,
juvenile andlarval fishes, squid, and other invertebrates.
The primary prey consumed depends on the location,
time of day, and fish's age (Andrievskaya 1857, Allen
and Aron 1958, Ho 1964, LeBrasseur 1966, Foersler
1968, Pearcy ef al. 1984). In lakes and in the oCean,
juvenile sockeye salmon appear 1o feed pamarily at
dusk or at night {Deble and Eggers 1378, Pearcy of al,
18984}, Parr may nod feed during the winter in lakes
{Doble and Eggers 1978). Juveniles (ocean- and lake-
dwelling) feed near the surface, except in lakes when
surface lemperatures ara high {Foerstar 1968).

Biological Interactions

Eredation: Primary fish predators of fry and parr in
iresh waler are coho salmon (O kisuich), culihroat
trout [C. clarky), char | Sahvelinus spp.), rainbow trout
(2. mykiss), Dolly Varden (Salvelinus malma), lake
trout (Satvelinus namaycush), lake whifelish
(Coreganus clupaalormis), mountain whitelish
(Prosaopiom williamsond), northern squawlish
(Ptychocheilus oregonensis), burbot (Lofa lofa), and
sculpins (Foerster 1968, Frash 1984). Gulls, common
loon (Gavia immer), red-necked grebe (Podiceps
grisegena), common merganser {Margus merganser),
belted kingfisher { Megaceryle alcyon), lerns, and large
predalory birds [ospray | Pandion haliaefus) and bakd
eagie (Halaeaius leucocaphalus)] araimponant avian
predalors (Fresh 1984). Maring pradators include
lampray (Lampetra spp.). spiny doglish (Sgualus
acanthias), salmon shark (Lamna diropis), other
salmonids, harbor seal [ Phoca vituling), beluga whale
[ Defphinapterus leucas), killer whale {Orcus arcinus),
and Dall's porpoise | Phocoanoides dail) (Simanstad
el al. 1979, Fiscus 1980). Bears and other mammals
prey on adulls during the spawning migration (Foerster
1968).

Eactors Influencing Populations: Primary factors
influencing populations appear 1o be (1) overfishing,
(2) reduced produclion in freshwaler environments,
and (3) reduced production in marine environmenis
(Foerster 1968, Peterman 1980). Overfishing reduces
freshwater escapamant and thus limits egg production
(Foerster 1968). Morality in fresh water during early
life stages is usually high. Foerster (1968) repored
that egg to smoll survival ranged from 0.40-8.52%.
This mortality is a result of poor water quality (high and

low temperatures, lurbidity, sedimentation, veloCities,
pollutants, etc.) which can be a result of poor forest
practices, industrial waste, mining and refining effluents,
agriculture practices, and urbandevelopment. Physical
disturbance ol the redd (by erosion, subseguent
epawners, ice scour) and predation can atso diminish
rashwater production (Foerster 1968, Harnt 1973}, River
chstructions such as dams (manmade and natural,
such as Hell's Gate and the Fraser River rock shde of
1913} canallect upstream and downsiream migrations
(Foarster 1968). Columbia River sockeye salmonuns
have diminished primarily as a result of dams and
irrigation diversions of spawning rivers (Mullan 1988).
The abundance of food retative to parr numbers in
resenvoirs and lakes also affects production; whan
sockeye parr densities are high, food may limit their
growth, which intum can reduce smoli size and marine
survival (Foersler 1954, 1958, Kyle etal. 1988). Nulriant
fertilization of lakes has been attempted to increase
lake primary production and rooplankton standing
crop and thus juvenide sockeye salmon growth and
survival (LeBrasseur et al. 1978, Hyatt and Stockner
1985). Predalors and competition can reduce
populations in reservoirs (Foerster 1968). Ocean
conditions may also reduce production as a resull of
dansity-dependent morality (Peterman 1280). The
Japanese high seas fishery (located west ol long
174°W) intercepls many Norh Amencan sockeye
salmaon (Fredin et al. 1977). This fishery took over 46
rmallion Modh American sockeye ovar a 20 year parniod.
This catch, together with the accidental mortabities and
lost additional weight gain belore Nonh American
harvest, represents a substantiallosstoll. S, fishermen
{Ricker 1976, Fredin et al. 1977}, Haichery releases ol
sockeye salmon are used 1o maintain this speches’
abundancs in soeme areas (Wahle and Smath 1973).
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Chinook salmon

Oncorhynchus tshawytscha
Adults

10 cmi

|

Comman Mame: chinook salman

Scientific Mame: Oncorhynchus tshawytscha

Other Common Names: Columbia River salmaon, king
salmon, black salmon, blackmouth salmon, chub
salmon, hookbill, quinnal salmon, Sacramento River
salmon, saw-kevey, spring salman, tchaviche, lule or
tyee salmaon, winter salmon (Alien el al. in press)
Classification (Robins et al. 1980}

Phylum: Chordata

Class: Osteichthyes

Order: Salmoniformes

Family: Salmonidas

Value

Commersial: Thi chinook salmon isthe least-abundant
Pacilicsalman, bul it grows tha langast and commands
the highest price. In 1985, over 12,200 t worlh $43
millicn were landed on the Pacilic coast (Mational
Maring Fizhernes Senace 19868). From 1875 (o the
18205, the Columbia Rwer had the largest chinook
salmon runinthe world, with annual landings averaging
9,100-18,100 1 {Van Hyning 1973}, In North America,
the chinook salmon is commercially fished from
Kotzebue Sound, Alaska, to Santa Barbara, Caldornia,
It is also commercialy fished along the Kamchatka
Peninsula, U.5.5.R., to northemn Japan. In California,
only ocean rolling is allowed (Frey 1971}, In Cregon
and Washingion, it is captured by gl met, ocean
trolling, purse seing, and reel nel. Il is the most
abundant salmon in California (McGinnis 1984),
Chinook are often caplured lar from their place of
onigin, with large numbers of chinook salmen originating
from the Columbia River caught off British Columbia,
Canada, and Alaska (Wright 1968). In Puget Sound,
Washinglon, hall of the chinook salmon are harvested
by Mative Americans (Clark 1985). The United States/

——

Ganada Pacific Salmon Imerception Treaty of 1985
reduced the ocean take of chinook salmon off Briish
Columbia and Alaska by 25% of 1884 caich levels
(Phanney 1986),

Becreationgl: Thisspeciesis apnzedspon lishbecause
of is size, lighling abildly, availabiity, and excellen
taste. Along with cohosalmon (O, kisutch), tha chinook
salmon suppons a spon and chaner boat fishery trom
San Francizco, Calilornia, to Alaska. R is spor-caught
primarily in marine and estuarine waters, but many ane
alzo caught in fresh water. Ower 438 000 chinook
salmon were spor caught in the United Sates in 1984
(not including Calformnia, Washington, and Oregan
ireshwatercatch) (Pacitic Marine Fisheries Commission
1986). The value ol the recreaticnal fishery is
undetermined, but the value per kg is much higher than
for commercial fish (Beauchamp et al. 1983). This
species is fished almost year-round in Pugel Sound,
but primarily fished irom summer to fall in other areas.

Indicator of Environmental Stress: Copper adversely
atfects proper smollification (Beckman and Zaugg
1958), and smiclts insea water are more sensitive 1o oil
thanwhaninfreshwater. Heduced mverflows, ncreased
waler temperatures, and many other man-induced
alterations 1o the environment can affect this species
[see "Faclors Aliecting Populations”),

Ecological: Juveniles are imporlant due to thew
abundance in many Facilic coast nvers and sireams
and are one of the mest abundant neritic fish in Puget
Sound (Simenstad et al. 1979). Adulls and juvenilas
are common in neritic waters off Oregon and
Washington (Fisher et al. 1983, Fisher and Pearcy
1585)
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Range

Owargll: This species is recorded as far north as the
Copperming River in Arctic Canada, and south to
nofheastern Hokkaido, Japan, and southem California
(Ventura River) (Hart 1973, Scott and Cressman 1973).
it israrely lound in fresh water southofthe Sacramento-
San Joaquin river system ol California (Eschmeyer et
al. 1983). This species hasbeensuccesshully introduced
to Mew Zealand and the Greal Lakes (Scoll and
Crossman 1873).

Within Study Area: The chinook salmon is found in all
estuaries norh ol San Francisco Bay, excepl Tomales
Bay, Calilormia (Tabla 1) (Monaco st al, 1990),

Life Mode
Eggs and aleving (yolk-sac larvae) are benthic and

infaunal. Young juveniles (lry and parr) are
benthopelagic. Parr become pelagic and acquire a
siver color when they transform into smolts (juvenies
that migrate Iothe ocean). Smols, ocean-dwelling and
maturing juveniles (subadulis), and adults are pelagic
{Alaska Depariment of Fish and Game 1985). Subadults
and adulls in rivers and streams are bollom-orented.

Habitat

Iype: The chinook salmaon is an anadromous species.
Eggs, alevinsg, fry, and parr occur in rivering areas from
just above the intertidal zone to allitludes of 2,268 m
above sea level (Allen &l al in press). Smolls are
riverine and estuaring, Ocean-dwelling juveniles are
neritic and epipelagic, and found within 128 m of the
surface (Fredinet al. 1977). Adulls may be narilic and

181



Chinook saimon continued

estuaring, but are primarily rivering and may travel
upstream over 4,700 km from the ocean.

Substrate: Eggs and akeving occur in spawning gravel
or cobbla that is 1.3-10.2 cm in diameter (Reiser and

Bjomn 1879). Juveniles in fresh water are found over
various substrates, ranging from silt bottoms 1o large
boulders (Chapman and Bjormn 1968). Juveniles in
estuaries occur over mud, sand, gravel, and eelgrass
{Zozleraspp.) (Healey 1280a). Adulls inmarinewalers
show no sediment preference, bul may be associaled
withgravel-cobble bottoms in rivers and streams (Alaska
Depanmeant of Fish and Game 1985).

Physical/Chemical Characteristics: Fggs only develop
in frash water, bul larvae can toderale 15%.at halching
(Wagneret al. 1965). Three months alter halching they
caniglgrate full seawater, with fastergrowing individuals
better able 1o handle salindly changes {Wagner et al.
1269}, Juveniles and adulls oceur in fresh waler to
euhaling waters. Subadulis (i.e., those thal have
migrated 1o the maring environment), are found in
polyhaline 1o euhaline waters. Successiul egg
incubation occurs from just above freezing 10 20.0°C
(Qlsen and Foster 1955), however, best incubation
temperatures are 5.0-14.4°C (Bell 1984). The upper
lethal lemperature for the chingok salmon is 25.1°C
(Brett 1952), but may be lower depending on other
waler quality factors (Ebel el al. 1971). Eggs and
alevins are found in areas with llows of 20-150 cmfsec
and juveniles where flows ane 0.5-60.0 cmisec (al pool
edges). Adulls can migrate upstream in flows up to
2.44 msec (Thompson 1972). Successful egg
development requires redds to have adequate dissolved
oxygen (250 mgl), waler temperalures [4-14°C),
subsirale parmeability, sedimant compaosition {<25%
fines, 6.4 mmindiameter), suriace flows and velocities,
and low biochemical cxygen demand (Reiser and
Bjornn 1973). Freshwaler pveniles avoid waters with
=4.5 mg/l dissobved oxygen at 20°C {Whitmore et al.
1960). Migrating adults will pass through water with
dissolved oxygen levels as low as 3.5-4.0 mg/l{Fujioka
1970, Alabaster 1988, 1989). Excessive sill loads
=4 000 meyl) may halt chinook salmon mossmenis or
migralions [(Reiser and Bjomn 1978). Sl can also
hinder fry emergence, and Emil benthic inverebrate
tfood) production (Reiser and Bjornn 1573). Low pH
decreases egg and alevin survival (Rombough 1883),

Migrations and Movements: Races of chinook salmon
have beendefined by when Ihe adults migrate from the
ocaan lo fresh water (Mason 1965). In the Columbia
River, spring chinook salmon enter from January
through May, summeér chinook salmon from June
through mid-August, and fall chinook salmon during
August to November (Galbreath 1966, Netboy 1980,

Phinney 1388). Withintheseraces aredifierent “stocks™
which separate as they reach thaeir natal sireams
(Phanney 1886). In California, spring, fall, and winier
(December to February) runs axist, while the summer
run is now extinct (Frey 1871, Moyle 1976). Fry and
smalis stay in fresh waler from 1 fo 18 menths
(Beauchamp et al. 1883). Three types of juvenila
migrants have been defined according to thair use of
rivers and estuaries. The first type, “subyearling
estuaring smolis”, moves info estuanes early alter
halching and rears therg until lale-spnng or sumdmer
when it moves to the ocean (Healey 1980a, 1982, Lovy
and Northcole 1982, Levy 1884). The second type,
"subyearling rivering smolls™, rears lor less than one
yaar in the river balore smaolting and migrating 1o the
esluary and spends only a litte time in the estuary
{Reimears 1973, Healey 1882). Thethirdtype, “rearling
rivering smolls™, rearslorayearinthe river, smolis, and
migrales the spring after haiching (Healey 1982).
Retmers {1973) atso found two other life history types:
emargent fry thal move directly downstream and inlo
the ocean, and juveniles that stay in streams or rivers
until fall, when they migrale direclly 1o the ccean.
Juvenie migralion info estuanes has been repored io
occur al night (Seiler et al. 1981) and during daylight
(Dawley et al. 1986). Juvenile chinook salmon may
move quickly through estuaries (Dawley et al. 1886) or
reside there lor up to 189 days (Simenstad el al. 19682).
Peak estuaring cutmigration usually occurs in spring
and summer, depending on lile hisiory (Healey 1982,
Kjeison et al. 1982, Simenstad et al. 1982, Myers and
Hortan 1982, Dawley et al. 1986, McCabe et al. 1586),
Chinook zalmon spend from 1-8 years (usually 3-4) in
the ocean belore they retumn lo thelr natal stream
(Whydazki and Whitney 1873). Some may stay in Puget
Sound until maturity (Simenstad of al. 1982). Upon
antering the ocean, most stocks appear to migrale
north (Wright 1968) and many mave into the Gull of
Alaska (Haritand Dell 1986). Chinook salmon produced
in sireams from the Rogue River (Oregon) and south
appear 1o rear in the ocazn off norhern Calilornia-
southern Oregon, while chinook salmon produced in
streams from the ER River (Oregon) and nonh rear
primarily off British Colummbia and Alaska (Cramer
1987). During s migrations, the chinook salmon
appears o use slectromagnetic, oifaciory, and visual
cues for guidance (Hasler and Schodz 1883, Quinn
1984). Straying 1o spawning streams other than its
natal stream is very limited (Quinn and Fresh 1984).

Reproduction

Moda: This species is gonochaoristic, oviparous, and
semelparous. All adulls die after spawning excep
sama “jacks” (Le., precocious males thal mature early
in fresh water) (Miller and Brannon 1982). Eggs are
fertilized extarnally.
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Mating/Spawning: The spawning peniod is specific for
each run andior stock, bul can occur from April to
February. For example, the Columbia River spring run
spawns from July to late September, the summer run
from August to mid-November, and the fall run from
September o January (Fubion 1968, Netboy 1980, Bell
1984). Inthe Sacramento River, the winter run spawns
during ApriltoJuly and otherruns from July to December
{Moyle 1876). Chincok salmon normally spawn in
larger rivers and tributaries, and indeeper water (10 m})
and larger gravel ihan other Pacific salmon [Scolt and
Crossman 1973). Females make the redd by ing
sideways 1o (he boltom and thrashing their tails. The
redd can ba 1.2-10.7 m in diameter (Chapman 1943).
During spawning, a female will be altended by one
dominant male and cccasionally ofher subdominant
males. Eggs and sperm are extruded simullansowsly,
after which the female will bury the eggs and move
wpsiream and repeal the process until spent.

Eecundity: From 2,000-14,000 eggs are laid per female,
with 5,000 eggs per flemale being average { Rounsefell
1957, Moyla 1976, Bell 1984). Fecundity dependson
female size, stream lattude, and subpopulation (Alaska
Depardment of Fish and Game 1985).

Growth and Development

i ) :Chinook salmon
eggs are spherical, nonadhesive, and the largest of all
the salmonids (6.0-8.5 mm in diamaler) (Rounselel]
1957, Scott and Crossman 1973, Wang 1988).
Embryonic development is indirect and external. The
duration of incubation ranges from 33 o 178 days,
depending on levels ol dissolved oxygen, waler
lemperature, biochemical oxygen demand, subsirale,
channel gradient and configuration, water depth, water
velocity and discharge (Retser and Bjornn 1979, Alaska
Department of Fish and Game 1985). Timeof hatching
is dependant onthe spawning period, with fall-spawned
eggs usually hatching in March and April (Columbia
River) and eggs fromwirder-run fish hatching from May
1o August (Sacramenio River) (Maoyle 1976).

Age and Size of Larvae: Larval sizes range from 20-35
mm tolal length (Wang 1888). Alevins remain in the
gravel until the volk sac i3 absorbed (usvally 2-3
waeks) (Scott and Crossman 1973, Wydoski and
Whitney 1973).

Juvenile Size Range: Juveniles are 2-152 cm (usually
lessthan 91 cm)inlength, and from a few gramsto 61.4
kg (usually less than 11.3 kg) (Wydoski and Whitney
1973, Allen et al. in press).

Age and Size of Adyls: Malurily is reached between 1
and 2 years, with most maturing in 3-6 years (Moyle

1976, Eschmeyer ef al. 1983). Norhemn populations
mature later, and spend mare time in fresh water and
atsea(Scottand Crossman 1973). The larges! chinook
salmon recorded was 147 cminlength and weighed 57
kg (Scott and Crossman 1973), bul moSt are under
22.7 kg (Squire and Smith 1977).

Food and Feeding
Trophic Mode: Larvae feed on their yolk. Juvendes,
and adults are camivorous, “opporunistic” feedars,

Food Wems: Juveniles in fresh water eal primarily
terrestrial and aguatic inzects, cladocerans, amphipods
and other crusiaceans, and somelimes lish (Backer
1873, Higley and Bond 1973, Scolt and Crossman
1973, Craddock et al. 1976, Muir and Emmett 1988,
Sagarand Glova 1988). Inestuaries, juveniles consumea
gammarid amphipods, insects, harpacticoid copepods,
mysids, decapod larvae and fish (Levy and Levings
1978, Levy et al. 1979, Healay 1980a, 1982, Kjalson at
al. 1982, Simenstad et al. 1982, Simenstad 1983,
McCabe et al. 1386} Inthe neritic zone, small chincok
salmon {thosa having recemiy migrated) feed on small
(larvaland juvenie) fishes, decapoadianae, amphipods,
euphausiids, terrestrial insects, and cther invenebrales
(Healey 1880b, Pelerson et al, 1983, Emmett ot al
1986), Larger chinock salmon {caplured by sport and
commaearcial fishing) leed primanly on fshes [e.g.,
nosthern anchovy (Engraulis mordax), scorpaenids,
Pacific herring | Clupea patfasi), and Pacilic sand lance
{Ammodytes hexaplerus)). euphausiids, decapod
larvae, squid, and other invertebrates (Silliman 1941,
Merkel 1957, Prakash 1962, to 1984, Han 1973, Fresh
el al. 1881). Aduls do not actively leed in fresh water,

Biological Interactions

Eredation: In fresh water, uveniles are eaten by many
fishes [e.g., northern squawfish { Ptychocheilus
aregonensis), channel catfish (lctalurus punclatus),
coho salmon, Dolly Varden( Salvelinus maima), rainbow
trout {O. mykiss), cutihroat trout (O, clarki), smalimouth
bass (Micropterus dofomieur), walleye (Stizostedian
vitrewmy, and sculpins] and birds [e.9.. mergansers,
lemns, osprey (Pandion haliaetus), and belted Kingfisher
(Megaceryle aicyor)] (Buchanan etal. 1981, Gray et al.
1882, Beauchamp o al. 1983, Maule and Horon
1984). Inthe ocean and estuarnies, chinook salmon are
prey for pelagic fishes, Pacilic lamprey (Lampelra
Iridentala), birds [e.g., common murme (LUida aaige),
and shearwalers { Pufinusspp. ], and manng mammals
[e.g.. harbor seal ( Phoca vitwling), sea lions, and killer
whale {Ovcinus orca)] (Simenstad &1 al. 1979, Fiscus
1980, Beach et al. 1981, Alaska Departmeant of Fish
and (zame 1985). Adults in fresh waler are eaten by
bald eagle (Halkaeelus levcocephaius), bears, and
other mammals (Scott and Crossman 1973).
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Eactors influencing Poputations: High monalidy occurs
during the early frashwater life slages (eggs, fry, parr),
This mortality is caused by redd destruction, siltation
and destruction of spawning grounds, extremely high
of low water lemperatures, low dissolved oxygen, loss
of cover, disease, and predation (Reiser and Bjormn
1979), Besidesihe above factors, man-made changes
such as river low reduchions, the creation of dams and
reservoirs, pollution, and logging practices, have
aflected population abundances (Raymond 1979,
Motboy 1880, Stevens and Miller 1883). Estuaries
appear to play a vital role in chinook salmon life history
(MacDonald et al. 1888). Inthe ocean, this species is
allecied by disease, predation, food availability, and
oceanographic condilions. Ovarfishing has not allowed
optimal spawning escapement and has reduced the
age and size structure of some populations (Fraidenburg
and Lincoin 1985). Also, the high-seas gill net fishery
for squid is taking an unknown number of chinock
salmon. The release of millions of juvenile chinook
salmon by public and privale hatcheries has helped
maintain some runs (Phinney 1986), and the United
Siates-Canada Salmon Inercoption Treaty should allow
more escapament intha future. Thasurvivalof hatchery
smalis o maturity is influenced by time of refease, size
ol release, health of fish, degree of smollification at
release, release location, and ccean conditions
(Vreeland 1988). In rivers and streams, juveniles ara
nol as aggressive as coho salmon and sleelhead
juveniles (Wydoski and Whitney 1979). However,
adults typically spawn in deeper water and use larger
gravel than ofher salmonids (Scolt and Crossman
1873). The chinook salmon may compete with other
salmomid species in the marine environment {Ames
1983) and it is known 1o feed on the same food as coho
salmon (Emmett et al. 1988). In estuaries, juveniles
aré associated with many other fish species that oiten
leed on similar prey ilems (McCabe of al. 1983).
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Surf smalt

Hypomesus pretiosus

Sem

Comrmon Mame: surf smeh

Scientific Name: Hypomesus prefiosus

Other Common Mames: Pacific surf smell, silver
smell

Classification (Robins et al. 1980}

Ptwlum: Chordata

Class: Dstaichthyes

Order: Salmoniformes

Family: Csmerndas

Value

Commercial: The sur smelt is commercially fishad in
California and Washington. More than 4 million werg
laken in Caldfomiain 1958 (Frey 1971). Anaverageof
51 tare taken annually in Washington, most o which
are caught in Puget Sound (Trumble 1983).

Becreational: This species is considerad an excellent
lood fish and is caplured by recreational fishermen in
Washington, Oregon, and California. 1 is taken by
jumnp net (in California), jig, and dip net. The numbers
taken by recreational anglers are unknown, butthought
te be substantial

Ingdicalor of Envirgnmental Stress: The sud smel
spawns al specific beach siles where appropnate
physical conditions for spawning exisl. Hence, loss or
alteration ol these spawning sites can be very
detrimental 1o populations of this species.

Ecological- This species is imponam prey for many
tishes, birds, and mammals. Puget Sound slocks are
genetically different from coastal stocks (Kilambi 1965,
Kilambi et al. 1985).

170

Range
Ovexall: The surl smelt's overall range is from Long
Beach, Calilornia, to southeast Alaska (Fray 1971)

Within Study Area: This species is occasionally found
in Califamia estuaries (Mayle 1978), bui is seasonally
common o abundant in Ovegon and Washington
estuaries {Table 1) (Monaco &l al. 1550).

Life Mode:

Eggs are benthic. Larvae, juveniles, and adulls are
pelagic but remain principally inshora. Except in Puget
Sound and adiacen areas, this is a nearshore coastal
species whichdoas nol ypically spawnin estuaries but
utilizes them lor leeding and rearing. It does not appaar
toform large petagic schools like the noham anchovy
(Engraulis mordax). However, schools of surd smelt
are often commaoan in Norwest estuanes.

Habitat
Type: Eggs are laid intedidally on beaches. Larvae,
juveniles, and adults live in neritic waters,

Subsirate: Spawning adulis select subsirates of coarse
sandwithfinegraved (Trumble 1983). Larvae, juveniles,
and adults can be found over a varely of substirates.

EhysicaiChemical Characterslics: All lile stages are

found in estuanne and marine walers. Baaches used
lar spawning typically have some freshwaler seepage
and are wsually shaded by trees or blufis (Schaelar
1936}, Waterlemperatura and salinily of the spawning
preas do nol appaario alfect spawming activity, bul ide
stage andtime of day do. Survivalel embryos does nat
appear iobe significantly different al salinties of 20, 25,
or 30°%. (Middaugh & al. 1987).
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Tahle 1. Relative abundance of surf small in
32 U.S. Pacific coas! esluaries.
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Migrations and Movements: Migrations and movements
have not been siudied. Although specific spawning
sites are usad, there is no information regarding whether
fish return 1o their natal spawning sites. The seasonal
utilization of estuaries by juveniles and adults probably
ralates to food abundance and refuge from predalors.
At thebeginning of a spawning run, schools are usually
composed of individuals of the same sex; lemale
schoots usually arrive belore male schoots (Loosanofi
1937). Later. as more schools arrive, the unisexual
character of the schools s lost,

Reproduction

Mode: The surf smell is gonochosistic, oviparous, and
eroparcus, Hhas exiernal egg lerilization and probably
gpawns annually alter reaching matunty,

Mating'Spawning: Spawning populations can be lound
nearly year-round along the Pacific coasl. However,
they spawn al specific beaches al specific times of the
year (Panttila 1378). Spawningoccurs primarily at high
tide and early ebb, from lale afternoon to evening
{Schaeler 1838, Thompson et al. 1938, Yap-Chiongco
1941). Before a spawning *run”, schools appear in the
watar 0.9-1.2 m from the edge of the beach. During
spawning, a female (usually accompanied by 2 10 5
malas) moves 1o the highast point reachid by a wave.
As they reach the shore, the lishes release thewr
gametes. This process occurs in 2.5-5.0 om of water
and takes about 5 1o 10 seconds (Loosanall 1937).
Eggs are usually concentrated at the 2.1-3.4 m txdal
levels (upper intertidal zone) (Penttila 1978, Middawgh
et al. 1987). Eggs are adhesive and slick to sand
grains and wave action covers them with athin layer ol
sand. Adulisusually eatvery lithe during spawning, but
da nol die after spawning (Loosanof 1937).

Fecundity: Females release eggs in batches and
spawning can last for several days. Females usually
produce 15,000-20,000 eggs, bul can produce from
1,300-37,000 eggs (depending on body size) (Lecng
1967).

Growth and Development

Egg Size and Embryonic Devetopmend: Fedilized aggs
are spherical and about 1.0-1.2 mm in diameter
(Schaefer 1936). Eggs adhere to gravel substrates by
the adheske rona radiata membrang which ruptures
and turns inside out at the tme the eggs are fentilized,
Embryonic development is indirect and external
(Garrison and Miller 1882). Alter severaldays embryos
delach from the spawning substrales and are washed
seaward and down into the gravel substrate in the
intertidal zane (Middaugh et al. 1987). Hatching occurs
from &.5 to 30 days after incubation (depending on
femperalure) and may be initiated by mechanical or
chemical stimuli. Eggs are stimulaled to haich by
immersion in water (high tide) (Loosanol 1937). At
axtramaly low temperalures (e.g., during winter) the
incubation period may be 90 days or more (Middawgh
et al. 1987).

Age and Sizeof Larvae: Larvae are 5.0-6.5 mm long at
hatching. Postlarvae are 17-35 mm in tolal length (TL)

(¥ap-chiongco 1941),

Juvenile Size Range: Juveniles range from 35 mmtoal
least 85 mm TL. Scales first appear when fish are 55-
&8 mm TL.

Age and Size of Adulls: Adulls range from 81-178 mm
TL. Most mature in their second year buf some are
gravid in their first. Individeals older than thrae years
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are rara, but they may reach 5 years old. Females are
typically largerthan similarly-aged males ( Yapchiongoo
1943). Bothsexas have asymmetrical gonads, withihe
latt gonad being much mare developed (Yap-chiongeo
1941). Males have pear organs [small protuberances
on thelr smouts) during the breeding season while
females do not (Yapchionges 19439). Males are dull
olive green on Lhelr back while lemales are bright
matalic grean (Yap-chiongoo 1941).

Food and Feeding

Trophic Mode: Larvae, juveniles, and adults are
plankivorous carnivores (typically zooplankivonous).

Eocd lems: The surd smelt leads primarily on plankionic
crustaceans, including amphipods, euphausiids,
copepods, cladocerans, crusiacean larvae, and soma
larval tish (Han 1973).

Biclogical Interactions

Eredation: This species is eaten by many fishas,
inciuding Pacific salmon { Oncarfynchus spp.), ingood
(Coehiadon akbngatus), and sthiped bass (Morone
saxatilis) (Frey 1971} It Is also commanly eaten by
birds and marine mammals.

Eactors Inlluencing Pooulations: Egg andlanval mondality
can result from thermal stress, and desiccation.
Predation can be high (Penitila 1978, Gamison and
Millar 1982) and probably plays a large role in
determining population size. The specific beaches
used for spawning can be ruined by pollution,
bulkheading, and othar habital allerations.
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Longfin smeit

Spirinchus thaleichthys
Adult

2 cm
Common Name: longlin smelt Within Study Area: It is found in most Pacific coast
Sclentific Name: Spirinchus thaleichthys estuaries from San Francisco Bay (Moyle 1976) north
Other Common Mames: Pacific smell, long-finned 10 Puget Sound, Washington [Garrison and Miller
smell, Sacramanio smalt 1980) (Tabla 1).
Classitication (Robins et al. 1980)
Phylum: Chordala Lite Mode
Class: Osleichthyes Eggs are benthic and adhesive. Larvae and juveniles
Ordar: Salmonfdormeas ara primarily pelagic, while adutts are boih pelagic and
Family: Osmerndae demersal.
Value Habiiat

Commercial: The longlinsmell is occasionally captured  Type: Egqs are benthic and riverine or upper estuaring.
incidentally with other smel species, and marketed  Larvae are pelagic and scour inrivering-maring waters,
with Ihese species as "smell” (Skinner 1962). The  but are most often found in estuarine environments.
longfinsmel is seasonally sold al markets in Calilornia’s  Juveniles are primarily pelagic and estuarine, Adults
San Francisco Bay area (Wang 1988). are pelagic but are often found near the bottom in
estuaring and marineg waters.
Becreational: Presently, only avery limited recreational
lishery exists. Subsirate: Type of spawning substrale has nol bean
positively identified, but is thought 1o be sandy-graveal
Inclicatoro! Environmenial Stress: Informationregarding areas with sand or aquatic plants (Wang 1956),. Nekionic
population sizes and fluctuations are Bmited. However,  life slages coccur aver a variety of substrales
since all lile stages use esfuaries, any estuarine
alteraticns potentially allecl this species. Freshwater PhysicaliChemical Characieristics: The longlin smelt
llow into estuarias is important for this species (Stevens  is an anadromous, euryhaling species. However, the
and Miller 1983, California Department of Fish and  existence of landlocked freshwater populations
Gama 1887). indicates thal this species does not need marine/
estuanne waters to complete ils ife cycle. Most early
Ecofogical: The longfin smelt is abundant in many  life history information pertains to landiocked
Pacilic coast esluaries and is consumed by numarous . populations; very little dala are available for estuarine!
maring and estuarineg veriebrates. marine populations (Garrison and Miller 1580),

Range Migrations and Movemenls: Juveniles and adults
Cverall: This species’ overall range is from Momerey  appear to move 1o kower estuanne'maring areas in

Bay, California, 1o Prince William Sound, Alaska spring and summer, and lo upper esluaring areas in
(Eschmeyer et al. 1983), fall, In winter, adults move 10 freshwater spawning
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Longlin smal continuad

Table 1. Relative abundance of longfin smelt
in 32 U.5. Pacific coast esluaries,

:

1

f<ome

PRSP I S

5
.

I

i

| 1O

(o e e 2

0
o

=1R1]
alo

" e s fgs
Francipon, Sumen
asd G Pabia

(=l

T jolel lolo

)

ywmanmy | [ ] ]

AsdLE|

argas (Ganssle 1968). Adults show disl venical
movements, being found deep during the day and in
the ?néjiparwmfmh.rm at night (Wydoski and Whitnay
1979).

Reproduction

Mode: The longliin smell s gonochorisiic, ovipanous.
and iteroparous. It has external egg fertilization and
spawns in bafches.

Mating/Spawning: Spawningoccurs in freshwaler areas
al nighl during winler [(Oclober-March), when nver
lemperatures are 4.4-7.2°C (Wydoski and Whitney
1979), 5.6-6.7°C (Moullon 1874), and 7.0-14.5°C (Wang
1986). During spawning, eggs and sperm are released
near the substrate. Once lenilized, the eggs become
adhesive, Almost all adulis die afler spawning.

Eecundity: Afemalecan produce an avarage of 18,000-
24,000 eggs (Hart 1973 Moyle 1876), although fish
from landiocked populations may produce much fewer
(Wydoski and Whitney 1979).

Growth and Developmeni

Ega Size and Embryonic Development: Fertilized aggs
are spherical, 1.2 mm in diameter, and adhesive
{Dryloos 1965). Eggs incubated at 7°C hatch in 40
days{Dryfoos 1965). Embryonicdevelopment is indirect

and external.

Ageand SizeofLarvae: Al haiching, larvae are reporied
to be 5.3-9.8 mm long (Dryfoos 1965, Moulton 1970,
Wang 1986). Metamorphosis to juvenile probably
begins in 30-60 days, depending on temparature.

Juvenile Size Range: Juveniles range from 22 mm to
approximatety 88 mm long (Moulton 1970, 1974).

Age and Size of Adulls: Spawning accurs atage 2, with
adults being 8.8-15.2 cm in 1otal length, bul averaging
10.0 cm. (Moulton 1874). Size, age, and possibly
water lemperature influence age at maturation (Moulton
1974).

Food and Feeding
Trophic Mode: Larvae, juveniles, and adulls are
cammorous plankinores.

Egod llems: Larvae probably consume zooplankion
and some phytoplankion. Juveniles and adulls eal
calanoid copepods, cladocerans, amphipods, and other
small crustaceans (Moyle 1976). Adults aiso prey
hizavily on the mysid Neomysis menceds.

Biological Interactions

Predation: Larvae, juveniles, and adulls are eaten by
predatory fishes, birds, and marine mammals. The
longfin smaltis animpartant year-round prey for harbor
seals (Phoca wviluling) in the Columbia River estuary
(Jefiries 1984), It i probably an important prey for
piscivorous birds such as gulls and tems.

Eactors Influancing Populations: Larval and juvenile
survival appears 10 ba the major determinant ol adult
population size, InSan FranciscoBay, juveniba sundival
appears 1o corredate diractly with freshwater mflow
(California Depanment of Fishand Game 1987). Pulses
of Ireshwalar inflow can aler the estuaring disinbution
and abundance of this species. In San Francisco Bay,
there is a positive association betwean spring river liow
and longfin smell abundance (Stevens and Miller 1983,
Armar and Herrgeseldl 1985, California Depafmant of
Fish and Game 1987).
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Thaleichihys pacificus

cm

Common Name: eulachon

Scientific Name: Thaleichthys pacificus

Other Commaon Names: candlelish, oilfish, small fish,
salvation lish, fathom fish (Scoll and Crossman 1973)
Classilicatlon (Robins ot al. 1980)

Phylum: Chordata

Class: Osleichthyes

Order: Salmoniformes

Farmily: Osmeridae

Value

Commerciglh Mapr commercial runs occur in the
Columbia River and is tributaries, and the Klamath
River, California (Moyle 1976). This species ks caplured
by gill net, trawl, and dip nel. The 1968-83 lower
Columbia River fishery {454 1) was estimated lo be
warth more than $280,000 (Smyder 1989). In 1985,
over 307 1| were landad in the Columbla River (Bohn
and Mclsaac 1986). Almost BE2 | ware landed in the
lower Columbia River in 1987 (Mclzaac and Bohn
1988).

Bacregtional: The eulachon’'s annual spawning run
suppons a popular recreational dipnet fishery. Tweanty
y&ars ago, the spor lishery ol the Columbia River and
its tributaries had an estimated economic value of
£570,000 (Snyder 1963). Inmany yearsthe numberof
smell harvested by the recreational fishery on the
Columbia River and its inbutaries equals the number
harvesied commercially,

Indicator of Environmental Siress: All He stages are
very sensilire to changes in femperalure (Blahm and
McConnell 1971). However, information regarding
lolerances 1o chemical poflution ks limited.

Ecological: The eulachon is the largest smell along the
Pacilic coast of Norih Amenca and a pray species o
many marnne verebrales.

Range

Crvarall: This species is found from the Klamath River,
Calitormia, along the Pacific coast 1o the eastern Bering
Sea in Brisiol Bay, Alaska, and the Pribilod Istands
(Scofl and Crossman 1973). A few have been found
down 1o Bodega Head, Caldomia (Odemar 1964).

ith : Major runs occur in the Columbia
and Klamath Rivers (Table 1), while many othercoastal
rvers suppon small runs (Monaco et al, 1280,

Life Mode

The sulachon is an anadromous species. Eggs are
demersal and attach (o subsirate. Larvae, juveniles,
and adults are pelagic.

Habitat

Tvpa: Eggs occur in fresh waler. Larvae are found in
rvers, estuaries, and the mannenedlic zone. Juveniles
and adults are found in the manne nentic zone at
vanous depths (Bammaclowgh 1964). Durnng ther
spawning migration, adults are found near the bottom
of estuanne and riverine channals.

Subeirale: Eqgs are deposited in areas of pea-sized
gravel andfor semi-sandy areas with slicks and debris
(Smith and Saalfeld 1955).

PhysicalChemical Characieristics: Spawning occurs
in rvaring areas with modarale waler velocilies and at
lemparatures fromd-10°C. Water lemperalures colder
than 4*C appear 1o slow or stop adult migrations.
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Ewlachon confinued

Table 1. Relative abundance of eulachon in
32 U.5. Pacific coast estuaries.
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Migrations and Movements: Larvae are apparently
swept quickly out to sea, spending fittke time in rivers.or
estuaries. Adulls migrate o spawning grounds from
December to April, but usually peak in February and
March. Spawning grounds rangs from st above
estuaries to many miles abowve, bul no extensive
migrations exisl, Ocean movements argunknown, bul
limahmhurﬂhlh&mmmmlarmﬁﬂamhwﬁ

Reproduction

Mcde: The aulachon is gonechoristic and leroparous,
howawvar, mast die afier spawning. tisoviparous; eggs
are ferilized axternally.

Maling/Spawning: Spawning usually occurs inthe lower
reaches ol rivers or fribitaries. Eulachon mass spawn

al night and do not build nests [Parente and Snyder
1870, Garrison and Miller 1980),

Fegundity: Approximately 7,000-31,000 eggs ara laid,
depending on female size (Pareme and Snyder 1970).

Growth and Development

Egg Size and Embryonic Development: Eggs are
sphencal and approximately 1 mmindiameter (Parente
and Snyder 1870). Malure eggs have double
membranes, Aler fertilization, the outer membrane
ruptures and turns inside out with the cuter membrane
remaining attached 1o the inner membrane at a small
gpat. The adhesive edges of the outer mambrana stick
1o sand or other particles, hence the egq is supported
on a peduncie (Hart and McHugh 1944). Embryonic
developrnant is indirect and external. Eggs halchin 19
days al water temperatures of 8.5-11.5°C, and 30-40
days at temperatures o 4 4-7.2°C (Garriscn and Miller
1880).

:Larvae are 4-7 mm at halching,
Postiarvae length is unknown, but is probably about 35
mm (Barraclough 1964). Transformation to jvenie
stage probably occurs at 30-35 mm in length
(Barraciough 1964).

SJuvenile Size Range: Juveniles range from 30- 140 mm
in length.

Age and Size of Adults: Spawning usually occurs at 3
years of age. Spawning adult lengths range from 14.0-
20.0¢m, averaging 17.0 cm (Smith and Saalfeld 1955).
The eulachon can live to 5 years.

Food and Feeding
Trophic Mode: Larvae, juveniles, and adults are
plankiivorous.

Food ltems: L arvae and postlarvae eat phyltoplankian,
copepod eggs, copepods, mysids, ostracods, bamack
larvae, cladocerans, worm larvae, and larvae of their
ownspecies (Han 1973). Juveniles and adulls consume
primarily euphausiids, copepods, and othar planktonic
crustaceans. Adulls do not usually feed during their
spawning migration.

Biclogical Inleraclions

Predation: Many predatory species follow and feed on
eulachon during its spawning migration. The spiny
doghish shark (Squak:s acanthias), slurgeon|{Acipenser
spp.), Pacific halibut  Hippoglossus stenolepis), gadads,
porpoisa, inback whale [ Balaenoptera physalus), kller
whale [Oveinus onca), sea bons, seals, and gulls ollow
eulachon runs (Hart 1973). Harbor seals (Phoca
vitLiling) feed intensively an awlachon in the Columioia
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Eufachon continued

River{Jelfries 1984), and salman | Oncorfynchusspp.)
and other fishes eat them al sea (Hart 1973).

Eactors Infiuencing Populations: Temperature changes
(Blahm and McConngll 1971) and industrial pollution
(Smith and Saatheld 1955) can have lethal and sublathal
efiects. Complete tadure (i.e., disappearance) of the
Cowlitz River run (a Columbia River tributary) from
1849-1952 may have been due io indusirial poiiution,
River flows can also altler migration patterns. The
drought year of 1977 caused eulachon 10 bypass the
Cowlitz River and spawn in other rivers (J. Galbreath,
Cregon Depantment of Fish and Wildlite, Clackamas,
OR, pers. comm.).
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Pacific tomcod

Microgadus proximus

Common Name: Pacilic tomeood

Scientific Name: Microgadus proximus

Other Common Names: Califormia tomcod, tomcod,
piciata (Gates and Frey 1974)

Classification (Robins et al. 1980)

Phylum: Chordata

Glass: Osteichihyes

Order; Gadilormes

Family: Gadidae

Value

Commercial: The Pacilic tomood 13 nol a largeted
commercial fish, ahough some lishermen catch ihem
lor personal use (Har 1973).

Becreatipnal: Athough not oflen largeted, this species
is esteemed as a food fish by some anglers and should
receive more fishing pressure (Roedel 1953, Beardsley
and Bond 1970).

Inccator of Environmental Slress: This is a uselul
indicator species because i 5 a demersal fish often
found in estuanne and manng areas conlaining
contaminants, Lesions appear more frequently in
populations near pollution sources (Malins el al, 1980)

Ecological: The Pacific tomcod is an imporant prey lor
harbor seals { PFheca vituling) (Beach & al. 1981) and
probably olher manne mammals (Simanstad et al
1879). | is ammponant predator of shrimp { Crangon
spp.) (Armsirong et al. 1981, Bottom ot al. 1984)

Range

Qverall: The Pacitic tomcod's overall range is from
central California (Isaacson 1965) north to the Gull of
Alaska, Unalaska Island, and Bering Sea (Hart 1873).

Howewver, i has not been collected inthe Bering Sea
recently (Matarese ef al. 1881).

Within Study Areg: The Pacific tomeoad occurs in all
estisaries rom Elkhom Slough, Calfornsa, north through
Puge’ Sound (Table 1) (Ganssle 1966, Aplin 1967,
Beardshey and Bond 1970, Bane and Bang 1571, Miller
and Borion 1880, Wang 1986).

Life Mode

Eggs have not been found, but are probably demersal
and adhesive (Wallers 1584, Dunn and Malarese
1987). Larvae and small juvenies (<50 mm) are
pelagic, while juveniles and adulls are demersal
{Richardson and Pearcy 1977, Malarese ef al. 1981,
Walters 1384},

Habitat

Iyvpe:Eggs apparently are released inmarine {euhaline)
water. Larvas and small juvenites anegfound innearshone
marnne walers (Malarese et al. 1881) and esluaries
(Blackburm 1973, Misitano 1977). Adults and juveniles
are common in polyhakne to euhaline waters (National
Marine Fisheries Service 1881, Boltom ot al 1984,
Emmett et al. 1987) and occur primarily in depths <82
m (Harl 1973).

Substrate: Juveniles and adulis are found prmanly
over sofl bottoms ol mud, silt, and fine sand (Washinglon
1977, Emmett 1 al. 1987).

Physical/Chemecal Characleristics: The Pacihic lomeod
i5 prmarily a marne species thal ulilizes esluanes
Specilic salinity and lemperature 1olerances lor each
life stage are nol available
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Pacific lomeod conlinued

Table 1. Relative abundance of Pacific lomcod
in 32 U.S. Pacific coasl estuanies.
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Migrations and Movements: This species’ movements
are nol well-sludied. Large, older fish move out of
estuaries in the early winter and refum in the early
spring (Mational Marine Fisharies Seniace 1981, Walters
1984). This is probably nol an active migration, but
movement related o pray availabality, spawning
behavior, and lemperature preferences. Larvae can
be abundant in some bays (Walters 1984), bul most
appaar in nearshore waters along the open coast
(Matarese el al. 1581). Juveniles appear to move to
shaBow nearshore waters and estuanne areas afler
their pelagic phase.

Reproduction
Mode: The Pacific tomcod is gonochonistic, oviparous,
and itaroparous: eggs are lenilized externally.

Mating/Spawning: The Pacific tomcod apparently has
an extended spawning period (Dunn and Malarese
1987). Spawning occurs in marine (euhaling) coastal
waters (Waldron 1872, Pearcy and Myers 1974,
Misitano 1977) from January toJune off San Francisco
Bay, Cakfornia (Wang 1986), winter to spring off Oregon
{Richardson and Pearcy 1977, Matarese el al. 1981),
and FebruarytoMay in Port Townsend Bay, Washington
(Wahers 1984).

Eetundity: Fecundity is estimatedto be 1,200 eggs per
lamale (Bana and Bana 1971).

Growth and Development

Egg Size and Embryonic Developmenl: Mature, non
lertilized eggs are spherical and 0.96 mmi in dJarruemr
(Walters 1984). Embryonic development is indirect
and extemnal (Matarese el al. 1981, Walters 1584), No
information exists for length of embryogenasis.

Age and Size of Larvae: Larvae range from 2.7-26.3
mm in length. The yolk-sac is absorbed by 3.0 mm
(Matarese ot al. 1981).

Svenils Sire Range: Juveniles are 26.3 mmioprobably
200.0 mm in todal lengih (TL) (Matarese el al. 1981,
Mational Marine Fisheries Service 1981),

Age and Sige of Adulls: Size and age of adulls have nal
been studied, but maturity is probably reached in 2
years and >200 mm TL {National Marine Fisheries
Semvice 1981), Adulls can reach bengths of 310 mm TL
(Bane and Bane 1971).

Food and Feeding

Trophic Mode: Larvae are plankionic camivores,
duveniles and adulls are epibenthic, planktonic, and
benthic camivores (depending on fish size and lood
availability ).

Food Hems: Larvae eal calanoid and harpaciicowd

, mysids, and juvenile crangomid shrimp
{Walters 1284), Juveniles consume crangonid shrimp,
crab megalops, fish larvae, polychaetes, iscpods,
gammarid amphipods, and calancid copepods. Adulls
eat fish [e.g., northern anchovy (Engraulis mardax)],
gammarid amphipods, crangonid shrimp, crab
megalops, polychasles, mysids, and otherinveriebrates
(Bane and Bane 1571, Armsirong et al. 1581, Bottom
et al. 1984).

Biological Interactions

Predation: Larvae are probably consumed by many
fishes. Juveniles and adulls are eaten by while sturgeon
{Acipensar lransmonianus) (Robern Emmelt, pers.
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Pacific lomcod continued

observation) and other large lishes and maring
mammals [Simenstad ef al. 1979),

igns: Successiul recruitment
of larvae and early juvenile stages is probably related
to predation and adequale prey avalability. The Pacific
tomecod appears 1o ba a fast-growing, eary-maluring
fish thal has a high natural moralty rate {(Walters
1984).
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Common Name: lopsmeall from San Francisco Bay (and surrounding areas) 1o
Scientific Name: Atherinops alfinis Monteray, Calfornia, 3) A. alfivus iforaks ranges from
Other Common Names: bay smell, rainbow smelt,  Monteray down o San Diego Bay, Calilomia, 4) A
panzarofio, ittle smelt, least smell, silverside, capron,  affinis cedroscensis is called the kelp topsmell, and 5)
jack pescadillo (Wallord 1931, Gates and Frey 1974) A, affinis inswlanum is the "island lopsmelt”, baing

Classiication (Robins et al. 1980} found around the Santa Barbara Islands, California,
Phylum; Chordata [Schultz 1933, Federetal. 1974). Whennotingstuarnies,
Class: Ogtelchthyes it appears o slay in shallow waler along the shora ling
Order; Atherinidormes [Hubbs 1318).
Family: Atherinidas

Range
Value Overall: The iopsmelt is found from the Guil of Callornia

Commercial: Although the topsmelt is an excellent  to Vancouver Island, British Columbia, Canada (one

Iood fish (Bane and Bane 1971), there is avery imited  recond) (Miller and Lea 1972, Harl 1873, Eschmeyer &l

commercialcatch. Thetopsmel representsonlyaboul al. 1983). Howaver, it Is nat usually found norh of

15-258% ol the California "smelt” catch (BansandBane  Tillamook Bay, Oregon.

1971}, Itis usually taken in association with jacksmall

{Atherinopsis calfornignsis ) (Fray 1871). Within Study Area: This species is found in most
esfuaries of the study area south of Tilamook Bay,

Becraglional: If is taken by recrealional anglers yaar  Oregon (Table 1) (Schultz 1833, Myers 1380)

round and Is one of the most commonly caughl tishes

frompless in California. Since this speciesiz abundamt  Lile Mode

and can be sasily caplured by light tackie, it is an  Eggs are benthic, larvae are planktonic, and juveniles

important recraational fish for children (Fray 1971). and adulls are schooling pelagicfish. However, juvenile
and adulls will apparently move into shaliow waters

Indicator of Environmental Straes: The topsmedt can  and fead on the boltom.

withstand extrame salinities (B0%.) (Carpalan 1955),

and = an excellent bioassay organism (Reish and  Habitat

Lemay 1383). Iypi: Eggs are benthic and found In estuaries, bays,
and lagoons. Larvae are also found in embaymenis.

Ecolggical: This species is one of the most abundant  Larvae are planktonic but schoel near the surface in

pelagic lishaes in many Pacilic coast astuaries (Allen shallow and open water (Wang 1986). Juveniles and

and Horn 1975, Horn 1380, ABen 1982, Horn and Allen adults are palagic but are found over a wide range of

1985), Five subspecies are presently recognized: 1) A habitals depending ontime of year (Feder el al. 1974).

affinis oregomigis a nohemvarielyloundfromOregon The lopsmelt ks primanly a marine fish that prefers

o Humboldi Bay, Calornia, 2} A. affinis affinis occurs - esluanes, baye, sloughs, and lagoons (Moyle 1976}
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Table 1. Relative abundance of lopsmell
in 32 L8, Pacilic coast estuanies.
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Substrate: Egqgs are laid primarily on eelgrass (Zosfera
spp.} and adhere to macroalgae on tidal flals (Schuliz
1833}, Larvae areoflen foundover soff, unconsolidated
sadimants and other substrates (Wang 1286). Juvenikes
and adults occur along sandy beaches, in kelp beds,
over rocky reefs, and around piers (Feder et al. 1974).

Physicat'Chemical Characieristics: The lopsmelt is a
euryhaline species (Fronk 1969). Eggs develop
successhully in salinities up to 72%. [Carpelan 1955),
Smallar fish tolerate high salinities better than
larger fish (Carpelan 1855). Young-of-the-year are
common in mesohalking and oligohaline areas of
southemn San Francisco Bay (Wang 1986). Whila
juveniles can tolerate salinities ranging from 2-B0%.,
growth is reduced at higher salinities (Micddaugh and
Shenker 1988). Optimum survival and growth occurs

at salinities of 30%. (Middaugh and Shenker 1388).
The topsmelt is often found in waters of high lurbidity.
Maximum temparature for proper egg development i
between 27.0-28.5°C, and the minimum t@mpearature
for egg development appears 1o be near 12 8°C (Hubbs
1965), Juvenie and adull lopsmell appear 1o be
gurythermal (Carpelan 1955), but temperatures of 26-
27°C appear lo cause stress (Ehdich of al. 1979). The
upper and lower lethal lemperatures lor juvenile fish
weara found 1o be 31.7°C and 10.4°C, respeciively
{Doudorofl 1945).

Migrations and Movemenls: Larvae appear to stay
near the surlace in slow-moving waters, Although
some adulls and juveniles will stay inthe open waters
of some estuaries and bays year-round, mosi movelo
nerilic areas and ccastal kelp beds during fall and
winter (Wang 1988} During spring, they are oltan
found nearthe entrance ol bays (Schullz 1933). Adulis
mave into shallow water sloughs and mod flats in late
spring and summer Lo spawn, and follow the salt wedge
loupper estuaring areas during summaer and fall (Wang
1986).

Reproduction
Mode: The lopsmelt is gonocharnistic, lemparous, and
oviparous,; eggs are ferilized externally.

Mating/Spawning: Spawning occurs in Newport Bay,
California, as early as February but most oocurs during
May and June (Fronk 1963). Spawning occurs Irom
April to October in San Francisco Bay, with peaks in
May and June (Wang 1986). Spawning takes place at
lemperatures of 10-25°C and in shallow waler habilats
that have appropriale submerged aguatic vegetalion
(Schultz 1933). Most spawning may cccur at night
(Fronk 1963). The topsmel appears 1o spawn in
baiches, laying eggs more than once during a spawning
season (Fronk 1968, Wang 1986).

Eecundity: Facundities range from 200 eggs per lemale
{of length 110-120 mm)to aboul 1,000 eggs per female
{of length 160 mm and over) (Fronk 1968).

Growih and Development

Egg Size and Embryonic Development: Eggs are
spherical and 1.5-1.7 mm in diameter (Wang 1988).
Eggshave athick chonion bearing 2-8filaments allached
in @ random pattern. These filaments cause the eggs
tobecome antangled with eelgrass and alher vegetation
(Wang 1886). Embryonic development is indirect and
exiemal. Halching time vanes from 35 days at 13°Cto
<0 days at 27°C (Hubbs 1965).

Age and Size of Larvae: Larvae are 4.3-4.9 mm long
{total tength) at hatching and about 0.0011g {wel
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{lotal length) al hatching and about 0.0011 g (wet
weight). They are also reporied to be 5.1-5.4 mm long
{standard length) al hatching (Middaugh et al. 1990).
They are 9.5-10.0 mm long when the yolk-sac is
absorbed. Juvenile characteristics are formed when
approximately 18.5 mm leng (Wang 1386).

;Juveniies are approximately
18.5-120.0 mm long (Schullz 1933, Fronk 1965,

: Narthern vareties grow larger
than southemn subspecies (Schultz 1933). Maturity is
reached in two years al about 120 mm in length by A.
affinis itforalis (Schuliz 1933, Fronk 1965). In Oregon,
only 5% malure in their second year; mest malure in
their third year when =200 mm lang (Schuliz 1833).
This species can five up to B years and reach lengths
up 1o 37 cm (Schullz 1933, Eschmayer el al. 1983).

Food and Feeding

Trophic Moda: The topsmell is omnivorous (CQuast
1968, Hom and Allen 1985). Juveniles and adults oflen
feed near the water surface, but feed on the boftom
whan in shalkow waler (about 2 mor less). They feed
primarily during the day (Hobson el al, 1981).

Food tems: Estuary and bay inhabitants feed primarily
on plant material, including Melosira moniliformis,
Entermorpha spp., and otheralgae and diatoms ( Fronk
19639, Moyle 1976, Ruagh 1976). They also consume
small crustacea (amphipods, copepods, insects, and
cumaceans) and some benthic invertebrates
(polychaetes and gastropods) (Hom and Allen 1985).
Oceanicinhabilanis are primarily plankionic crustacean
camivores. Primary prey include gammarid and
caprellid amphipods, mysids, ostracods, copepods,
and crustacean larvae (Quast 1968, Fronk 1363).

Biological Interactions

Eredation: The lopsmel iz an imponand pray 1or many
piscivorous birds and lishes, including yeliowtail | Seriola
ialandeai) and olher large fishes (Feder et al. 1974).

Eactors inflyencing Populations: Population abundance
was signilicantly correlated 1o temperature and salinity
in Newporl Bay, California (Allen 1982). Mo relalion
was found between abundance indices and river llow
in San Francisco Bay (Califormia Department of Fish
and Game 1987). This species is. commonly impinged
on power plant intake screens, bul this may not be a
significant cause of morality for the bay population
{San Diego Gas and Elecinc 1980). Since this specias
uses shallow-water eelgrass areas for spawning, the
removal or destruction of this habital adversaly alfects
topsmelt abundance.
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Jacksmelt

Atherinopsis californiensis
Adult

10 cm

[ f]; LA BRar

Common Name: jacksmelt
Scientific Name: Atherinopsis californiensis

Other Common Names: Calidornia smell, silverside,
horse smalt, blue smell, pescado del ray, peie ray,
pasce rey, jack smalt (Gates and Froy 1974)
Classification {Robins et al 1280)

Phylum: Chordata

Class: Osteichihyes

Crder: Alherinilormes

Family: Alherinidas

Value

Commargial: In 1945, over 907 kg of jacksmelt were
landed, primarily from Newpord, Monlerey, San
Francisco, Tomales and Humboldt Bays, Calfornia
(Frey 1871). Presently, it forms the largest porion of
the “smelt” captures in Calkfornia, but is not considered
an importanl commercial ish. It is primarnily caught
incidentally during other fisheries.

Becreational: The jacksmell i commonly caplured
from Calitornia piers (Frey 1971) and is easily caught
using Ight hook and line lishing gear (Frey 1971). In
Calilernia, there are no recreational catch limits
{California Depariment of Fish and Game 1987a).

Indicator of Environmental Strass: No information is
presently available, However, because the jacksmelt
uses esluanes lor spawning and rearing, degradation
of estuaringe habdats can alfect this species’ population.

Ecological: The jacksmaelt is an important member of
the Cakfornia nearshore coastal, bay, and estuary
fauna(Clark 1929, Allen and DeMartini 1983, Calilomia
Department of Fish and Game 1987b). Itisolleniound
schoolng with lopsmelt [ Athennops affinis) and usually

caughi within 5 km ol shore (Ruagh 1876).

Range

Overall: Owarall ranga is from Santa Maria Bay, Baja
Califormia, 1o Yaquina Bay, Oregon (Miller and Lea
1972, Ezchmayer of al, 1983).

Within Stisdy Area: Tha jacksmel i commonly lound in
moasl bays and estuaries that have appropriate habitat
south of Coos Bay, Oregon (Table 1).

Life Mode

Eqggs are demersal and adhesive (Clark 1929). Larvae
school and are pelagic (Wang 1986). Juveniles and
adulis are surface-criented pelagic schodling fishas
{Adlen and DeMartini 1283}

Habitat

Lype: Eggs areusually lound on vegetation inshaliow-
waler nearshore manna habidats as well as esluanas
and bays (Wang 1986). Larvae are also lound in
estuaring, bay, and kelp bed habitats and actively
school near the surface, Juveniles and adulls are
found in nentic, estuarine, and bay environmenis.
Juveniles and adults are most oflen found in murky
waler from the surface down 1o 28 m, bul tend 1o
concentrate between 1.5and 15m | Feder et al. 1974).

Substrale: Eggs are laid on substrales/vegetation that
allow them to become entangled (fosfera spp.,
Gracillaria spp., and hydroids, elc.) (Frey 1971, Wang
1986). Lanvae are found over a vansly of subsirates,
but mostly sandy and muddy bottoms and in tha kelp
cancpy (Frey 1971). Juveniles and adults preler sandy
battoms (Feder et al. 1974).
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Table 1. Relative abundance ol jacksmedl in
32 U5, Pacific coast estuanes.
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EhysicalChemical Characierislics: Temperature and
salinity tolerances of this species are nol known.
Howevar, thedistribution of juvenile and adult jacksmell
in San Francisco Bay shows thay occur primarily in
palyhaline and euhaline walers (California Department
of Fish and Game 1387b). Eggs may halch in salinities
as low as 5%. (Wang 1986). Oplimum larval and
juvenide survival and growlh appears to be within
salinities ol 10 to 20%., indicating larvae may preler
mesohaline salinities (Middaugh and Shenker 1988,
Middaugh etal. 1980), The jacksmel appears to prefer
turbid waters (Feder et al. 1974).

Migrations and Movements: This species is seldom
found far from shore (Baxter 1960). Jacksmel move
inshore and inlo bays and estuaries to spawn during
late winter and early spring (Clark 1920, Wang 1586).

During summer, large schoals ol juveniles and some
adulis reside in bays and estuaries, moving oul 10
coastal waters in the fall.

lon
Mode: The jacksmelt is gonochoristic, Reroparous, and
oviparous, Itigabatch spawner and eggs are fertilized
externally (Clark 1929).

Mating'Spawning: Spawning may occur from Oclober
1o March with a peak during November-March (Clark
1924), and reportedly year-round in southern Califomia
(Feder et al. 1974) In San Francisco Bay, spawning
occurs from Oclober to early August (Wang 1986).
Spawning in San Pablo Bay is reported to occur from
Seplember 1o April (Ganssle 1968). In Tomales Bay,
spawning occurs from Janhuwary to March (Banedee
1866}, Spawning ocowrs over maring vegetation in
shallow coastal walers and in bays and esluaries
whire appropriatle substrate is available.

Eecundily: Fecundity is not documented. but probably
over 2,000 eggs per famale.

Growth and Development

Egg Size and Embeyonic Developmen: Unlerilized
eggs are spherical and 0.9-2.2 mm in diameter (Clark
1929); lerilized eggs are 1.5-2.5 mm in diameter
{Wang 1988). Eggs have athick, hard chorion that has
15 or 16, 1-2 mm-long filaments attached. Thess
flaments enlangle eggs on substrates to form large
egg masses (Wang 1986). Embryonic davelopment is
indirect and external. The yellowish-orange eggs
hatch within seven days at 10-12°C (Wang 1386).

Age and Size of Larvae: Ater hatching, larvae remain
on the bottom for a moment and then actively swim
near the surlace (Wang 1986). Larvae live on their
yolk-sac until it is absorbed (about 48 hours after
hatching) (Middaughet al. 1990). The larval szerange
is 7.5-8.6 mm long at hatching to about 25 mm long at
transtormation 1o juvenile (Clark 1929, Wang 1986). Al
Bdays, they are 10.5-11.7 mmlong; at 2d daysthey are
17.6-20.3 mm long (Middaugh et al. 1990,

Juvenile Size Rangs: Juvenile jacksmelt average 110
mm long at the end of their first year, and 180-120 mm
al the end of two years [Clark 1923)

Age and Size of Adults: Individuals that grow quickly
(=200 mm long) will matune in their second year.
However, all individuals mature by their third year
(Clark 1823). The larges! jacksmell reponed was 78
cm long, but the larges! actually measured was 62 cm
(Milier and Lea 1972). Maximum age maybe 11 years
{Frey 1971},
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Jackemal condinuad

Food and Feeding
Trophic Made: The jacksmel iz omnivorous (Bane and
Bane 1971, Ruagh 1976).

Eood lems: Primary prey tor this species include algas
{Wethrix spp., Melosira monififormis, Enteromorpha
spp., and cther filamentous algae, and benthic dialoms),
cruslaceans (mysids, copepods, decapod larvaa), and
detritus (Bane and Bane 1971, Ruagh 1976).

Biological Interactions

Predation: The jacksmelt is eaten by yellowtail | Seriols
lalange, kelp bass (Paralabrax clathratus), sharks,
and other piscivorous fishes (Baxier 1960, Feder at al.
1974). N is probably also eaten by piscivorous binds
|e.g., brownpafican | Pelacanus ocoidentalis) and gulls]
and marnine mammals,

Eaclors Influending Pogulations: Because this species
ulilizes embayments and estuaries for spawning, if is
highly susceptibleto adverse effects from poliution and
habitat modification. Interestingly, jacksmel are not
commenly found in Anaheim Bay, Alamilos Bay, or
Mewport Bay, California (Klingbeil et al. 1974, Allen
and Hom 1975, Allen 1982), whereas lopsmell are
abundani in these bays. Apparenlly jacksmell are
much more sensitive to salinly and temperalure
lhsctuations thantopsmell. A parasitic nemalods often
infesis the flesh of jacksmell, thus reducing its
commercial and recreational value (Frey 1971). The
lmnal hosi for this parasile is perhaps sharks or pelicans
(Frey 1971). Freshwater inflow affects jacksmeh
distributions in San Francisco Bay; during years of low
freshwater inflow, jacksmelt use San Pablo Bay and
Carquinez strait, but in high-fiow years they are mare
abundant in South and Central San Francisco Bay
{California Department of Fish and Game 1987h).
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Threespine stickleback

Gasterosteus aculeatus
Adult

Common Name: thraespana stickleback

Scientific Name: Gasterosieus aculealus

Other Common Names: commaen stickleback, two-
spined stickleback, sticklaback, thomiish, thornback,
neadie stickleback (Bigetow and Schroader 1953,
Ohada 1955, Gates and Frey 1974)

Classificalion (Robins af al. 1380)

Phylum: Ghordata

Class: Osteichihyes

Order: Gasterosiaiiormes

Family: Gasterosteidae

Valup

Commarcial: This species is nol commercially
hanvasted.

Becreational: The threespine stickleback is a good
aquariem fish and commonly used for studying fish
behavier and physiology (Carlander 1969, Wootton
1976).

Indicalor of Environmental Stress: Because the
threespine stickleback is easy to collect and hold in
laboralory conditions, it has often been usad as an
experimanial animal for festing water poliution (Wootion
1976). For example, heavy metals have been foundio
be highly toxic 10 this species (Wootlon 1976).

Ecoiogical: Thethreesping slickieback is pray lor many
specias ol lishes and birds, and is animportan resident
of shallow-water estuaring habitals and lakes, I also
colonizes irigation canals and resanvoirs (Moyle 1976,
Simenstad 1983). Different morphological forms exist
{each having distinct habitats with little hybridization)
keading scientists to describe many subspecies (see
"Life Mode™) (Hagen 1367, Miller and Hubbs 1969,

E———

C—— i ————

Wnﬁl‘tﬂn 1876). Trophic phenolypes han.;-sr alsn-hmn
ideniiied (Lavin and McPhail 1988).

Range

Dyeral]: Overall distribution is amphiboreal (interrupted
northern circumpalar range), found between lat. 35°N
and 70°N in Europe (Woollon 1976). In eastern Norh
America it is found from Chesapeake Bay north to
Baffin Istand, while in western Nonh Amenca f occurs
from Baja California, Mexico, 1o S1. Lawrence Island,
Alaska (McPhail and Lindsey 1970, Scottand Crossman
1973, Wootlon 1976, Wydoski and Whitney 19739). In
the western North Pacific, it is found from the Bering
Sea southtonorherm Japan (Andriyashev 1954, Ckada
1855)

: The anadromous plated lorm
{trachurus) is found in all Pacific coast estuaries from
the SanLorenzo Riverinnorh Monterey Bay, Califomia,
through Washinglon {Table 1) (Miller and Hubbs 1965,
Wootion 1878). The southern distribution of the
anadremous form appears 1o be limided by high
fermperatures (Bell 1976). The non-anadromous form
has a wider disiribution (Wootan 1976).

Life Mode

Egas are demersal and are laid by the lemale ina nest
built by a maks. Larvae are free-swimmang, but stay
wilh tha nest, which is guarded by the male. Juveniles
and adults are pelagic, bul typically do not traved far
from shore. Howewer, some have been captured lar
cul af sea (Clemens and Wilby 1961, Woollon 1978).
Within the study area. at least two morphological
varigties gocur.  The trachurus form s anadromous,
migraling from maring walers to brackish and fresh
watersiobreed, It possesses a complele sel of lateral
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Threespine stickleback continued

Table 1. Relative abundance of threasping
stickleback in 32 U.5. Pacific coast
Esluaries.
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bony plates, and ks sibvar in color. The lelurus form
spends its entire ifein ireshwater, has lew lateralbory
plates, and s olive-brownincolor [Scoll and Crossman
1873, Maoyle 1976, Garrison and Miller 1580).

Habitat

Type: Alllile stages are typically lound associated with
vegelation in shallow water bays, lakes, and slow-
maving rivers, This species occurs primarnily in kow-
lying coastal streams and lakes (Moyle 1976). However,
threesping sticklabacks have been found up 1o 500
miles oul 1o sea (McPhail and Lindsey 1870). Braading
and nes! building occurs onthe bollem in shallow water
areas in both reshwater and marine habitats, bul the
success ol reproduction in maring envilonmenis is
urncanain (Vrat 1949, Hart 1973).

Substeate: Athough adults and juveniles are found
over a vanely ol subsirates, breeding male sticklebacks
normally attempt to build their nests over soft mud or
sand bottoms that have vegetation nearby (Scoll and
Crossman 1973, Wootlon 1976, Wydoski and Whitney
1979}

PhysicalChemical Characteristics: The threespine
sticklsback can tolerate minimum dissolved cxygen

concentralions as low as 0.25-0.50 mgd (Wootlon
1976). Maximum temperature belore monality is 26°C
{Blahm and Snyder 1975). This spacies canwithstand
a wide range of salinfties, bul this depends on water
temperature, degres of sexual malurily, and
marphological form (lewrus or trachurus) (Woolton
1976). The migralory trachurus lorm loses its ability 1o
lolerate fresh waler during fall (Woolton 1976).
Spawning occurs allempearatures ol 15.8-18.5°C (Viral
1849} invary shallow fresh 1o polyhaline watlers (Mamow
1880, Wang 1386).

Migrations and Movements: The freshwater lormwinders
in deep waler and moves to shallow waler in spring
{(Mormow 1980). The anadromous form migrales into
shallow iresh and brackish waters ol coasial estuanas
in the sprng o spawn (Wydoski and Whilney 1979,
Whoriskey and FilzGerald 1983). Surviving spawners
(massive post-spawning monalily can occur) and
juveniles move back 1o sea in the fall (Yang 1986).
Anadromous juveniles may starm mowving 1o sea al
about 5 woeeks of age (Bakker and Feuth-De Bruipn
1988). Shcklebacks have been lound farout iosea, but
these individuals may be kst lrom the population
{Quinn and Light 1589); most sticklebacks slay closato
shore (Bigelow and Schroeder 1853, McPhail and
Lindsay 1870). Juveniles and non-breeding adulls
lorm boose schools, probably ko aid in finding lood and
protection from predators. During the breeding season
in astuanes |sprng and early sumimer), adults breedin
shallow water. Alter the breeding season, adulis and
pveniles move into deeper open walers.

Reproduction

hlode: The threespine stickleback is gonochaoristic,
polygamous, oviparous, and feroparous, eggs are
fertiized externally (Vrat 1949).

MatingrSpawning: Spawning occurs from early spring
(March) to fall {Qctober), depending on localon.
However, the anadromous form spawns primarily in
Jung and July in the U.S. (Viial 1849 Moyle 1976,
Wootton 1976, Wydoski and Whitney 1979, Wang
1986}, In the Mediterransan, sticklebacks begin
breading in March, when watar temparatures are 10°C
and ha spawning season lasts about 50 days [Crivell
and Brillon 1887). During the breeding season tha
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Thrawspine stickisback continuad

male becomes territorial (McPhail and Lindsey 1570,
Wootton 1976), its body develops green and orange-
red spawning colors, and the eyes become blue, The
male builds a nest out ol available materal (sand,
algae. etc.). The nest canbe an iregular cocoon wilh
two openings or a hollow sandy pit below a pad of
maternal (Wang 1986). The male perdorms & zig-zag
dance o entice the female to his nest 1o deposit her
eqgs. Alter she has deposited her eggs and lefl, the
male fedilizes them. Males may spawn with many
different lemales, and females with differeni males.
After rearing one clutch, the make may rebuild his nest
and starts again (Moyle 1976, Woollon 1976, Mormow
1980), Depending on food supply, a female may
spawn up to 20 times during a spawning season
(Wootton 1976). Highly aggressive males appear o
have lower breeding success than less aggressive
mabes (Ward and FitzGerald 1887).

Eecundity: Females lay aboul 20-300 eggs per
spawning (depending on female siza} {Wootton 1976);
average lecundily is probably near 200 (Bolduc and
FilzGerald 1989). Overall seasonal fecundity appears
io be related to the amount of tima spent on the
breeding grounds (Bolduc and FizGerakd 1989).
Trachurus forms are more lecund than leiurus forms
(Woolton 1976, Mori 1920},

Growth and Development

Ego Size and Embrvonic Development: Eggs are
spherical and 1.1-1.8 mm in diameter (Vral 1949,
Wootton 1976, Wang 1886). Embryonic development
is indirect and external. Eggs lake 7 or 8 days to hatch
al 18-19°C (Wootton 1978, Wang 1986). However,
hime to hatching can range from &-40 days depending
on lemperature (Woollon 1976).

Age and Size of Lgrvge: Larvae are 3.0-5.5 mm al
hatching, depending on location. Metamarphosis to
juvenile begins in aboul 30 days at approscsmately 10
mmictal lengih (TL) {Vral 1949, Bigelw and Schioeder
1953, Wootton 1976, Wang 1985).

Juvenile Size Range: Juveniles are probably 11-30
mm TL, depending on localion and availabity of food
{Woolton 1976).

Ageand Size of Adults: Mest populations of sticklebacks
malure withinone year and atapproximataly 30 mmTL
[Jones and Hynes 1950, Wootlon 1976). They canve
tod yaars and 76-85 mmlong (Woollon 1976, Wydaski
and Whitnay 1979). Some are reponed lo have grown
largar than 102 mm (Scott and Crossman 1973). In
Califomnia, the maximum age is probably 2 or 3 years
(Moyle 1876, Wang 1586),

Food and Feeding

; : Larvae are plankionic camivores.
Juveniles and adulls ang opporunistic camivores thal
will lead onbenthic and plankionic organisms depending
on pray availability (Hart 1973, Scolt and Crossman
1873, Wydaski and Whitnay 1979). Sticklebacks prater
planktonic prey, but will switch fo benhic prey as
zooplankton densities are reduced (lbrahim and
Huntinglord 1589). Sticklebacks may nof feed on the
most abundant zooplankton if it & to0 large to be
ingested (Williams and Delbeek 1588), and may be
show in exploding new food resources [Maoyle 1876). In
areas where sympalric slickleback species occur,
competition for food is not thought 1o oocur because of
abundance of prey and morphological constraints on
feeding behavior (Delbeek and Williams 1888).

Eood lems: While in freshwater and estuarine habitats,
the threespine slickleback consumes calanoid
copepods, cyclopold copepods, cladocerans {e.g.,
Daphniaspp.), oslracods, aguaticinsect larvae, snails,
terrestrial insects, annelids, spiders, larval fish, and
amphipods (e.g., Corophivm spp.) (Manzer 1976). In
marine emironments, calanoid copepods (Ceniropages
Ivpicus, Eurytemoraspp., and ethers), copepod nauplii,
euphaused larae, decapod larvae, and clam larvae
are eaten (Mailand 1365, Hart 1573, Moyle 1976,
Wydoski and Whitney 1973, Worgan and FitzGerald
1981, Bottom et al. 1984, Snyder 1984). Femala
sticklebacks will cannibalize eggs i1 a nest is left
unguarded by a male {Smith and Whoriskey 1988).

Biological Interactions

Bredation: The threespine stickleback is an imparant
prey lor many fishes[e.q., cutthroat trout | Oncorhynchus
clarkdy, rainbow trout { O, mykiss), lake roul | Salvedinus
namaycush), Dolly Varden { Saivelinus maima), northem
pike (Esox lucius), nonhern squawlish { Ptyychocheilus
oragonensis), yellow parch | Perca favescans)], birds
(e.g., herons, gulls, terns, diving ducks, and
mergansars), and some mammalks (Har 1973, Woollon
1976, Mommow 1980). Adull sticklebacks also eal
slickleback oggs and larvae

Eagiors Inflyencing Pooulations: Inlakes, thethreespine
slickleback may compete with sockeye salmon (0.
marka) lor lood (Foerster 1268). However, sticklebacks
usually do nol inhabi the imnetic zone {wihere sockeye
lypically resida), so food compaetition ks probably minimal
(Manzer 1976). A variety of parasites are believed fo
alfect tha stickleback's feeding behavior and
susceptibiily topredation(Woolion 1976, Miinski1985),
Temperalure, iood avadabidity, predation, competition,
and parasitism play a role in determining populalion
size, but which factor has the greatest influence is
unknown [Woatton 1978). The number of laleral plales
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Threasaing shickleback continued

appears o be divecily related 10 predalon prassure
{Mofrow 1980). Population abundances are also
influenced by harsh environmental conditions during
breeding and overwinlering (Whoriskey et al. 1986).
Spawners using brackish-water pools appear to sutler
greater egg cannibalism and bird predation ihan
freshwater spawners (Kedney at al. 1987).
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Common Mame: sinped bass

Sclentific Mame: Morone saxaliis

Cther Common Mames: siripar, streaked bass,
sguidhound, rock, rock bass, rock lish, greanhead,
linesider, roller (Gates and Frey 1974, Fay et al, 1983)
Clagsification {Robins &1 al. 1980)

Phylum: Chordata

Class: Dsleichthyes

Order: Percilormes

Family: Percichthyidas

Value

Commercial Small numbers (135 yearlings) of sirped
bass were introduced to Calilornia’s San Francisco
Bay in 1879, and 300 were released in 1882, In 1859,
560 | were landed in San Francizsco Bay (Hassler
1388}, Historically, this species was commercially
caught on the Pacific coast in San Francisco Bay and
Coos Bay, Oregon. Until 1815, the annual San
Francisco Bay catchusually exceeded 454 1; therealter
only twice did harvest exceed this value (Smith and
Kato 1978). In 1835, commercial fishing for sirped
bass in the San Francisco Bay system was prohibited
becausa ol demands by sport anglers (Smith and Kato
1979, Stevens el al. 1987). Oregon has prohibited
commaercial fishing for this species since1976 (Parks
1978).

EBecregliongl: The siriped bass is an important spon
fish from nonh/'central Calilornia o southern Oregon. |
is highly sought because of its fighting ability, targe
size, easy accessibildy, and excelent taste. Most are
taken by hook and line using artificial or nalural baits.
In the San Francisco Bay system, most spon fishing
tock place in San Pablo Bay and the Delta, but now
ooours in San Francisco Bay proper (Stevens 1977).

The San Francisco Bay sinpedbass fisheey was oneof
the mos! impontant recreational fisheries onthe Pacific
coast, with annual landings ranging from 107,000 o
403,000 flish in 1978 and 1975, respectivaly (White
1986}, The value ol this fishery was estimated 1o be
ovar 345 million (Meyer Resourcas 1985, cited by
Stevensatal 1987). However, sicdk sixe has dropped
dramaticaly; onby sEghily morne than 72,000 were caught
glong the Pacific Coast in 1985 (Mational Maring
Fisharies Senvice 1986),

Indicatorof Environmental Siress- i appears thal cerain

pairechemicals interacl with other pollulants
(palychiorinated biphenyls and heavy metals) to
adversely aflect striped bass populations in San
Francisco Bay (Whippla 1984). Highconcemralionsof
organcchionnes, metals, and petrochemicals havebeen
found in striped bass tissues (Whipple el al. 1983),
Comrelations exis! befween pollutants and parasite
burdens, body condition, liver condition, and egg and
gonad condifions. Fishexposad 198 chrons pallutant
siress have significant reductions in reproductive
capacly, fecundity, and gametic viability (Whippla
1984),

Ecolagical: Intha estuanes whara locours, M. saxanis
is one of the most imponan predators of estuaring
fishes and invertebrates,

Range

Cvergll On ihe Pacific coast, the sirped bass is found
from about 40 km south of California-Mexico border 10
Barkley Sound, British Columbia (Miller and Lea 1972),
but s nol commaon south of Monlerey, Califomia, or
narth ol the Swstaw River, Oregon (Parks 1978}, On
the Atlantic coasi, iloccurs fromihe 31, Lawrence River
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Siriped bass conlinued

Table 1. Relative abundance of siriped bass
in 32 U.5. Pacific coast astuarias.
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down fo the 51. Johns River, Florida, and into streams
that flow Into the Gullod Mexico from Florida o Louksiana
(Moyle 1976}, Stocking into reservoirs has established
some sell-sustaining freshwaler populations [Moyle
1976).

Within Study Area: M. saxatiks was introduced to the
Sacramento-San Joaquin River system during the
1870s. It s found mainhy in estizanas from San Francisco
Bay north to the Siuslaw River (Table 1) (Monacoat al.
1520). It has beenstocked insome southern Calilornia
bays. but these populations are not seif-susiaining
(Hom at al. 1984),

Life Mode
Eggs are non-adhesive, slighlly heavier than fresh
water, and are swepl along with currents [Albrechi

1964, Scotl and Crossman 1973, Wang 1986). Larvae
are initially feeble swimmers- il they encounter stll
waler they satile to the bottom and die [Skinner 1962).
Postlarval stages (“fry”) inhabil lower river channels
and upper estuaring shallow-water bays and sloughs
(Skinner 1962, Sasaki 1966a, Wang 1586). Juveniles,
subadults, and adults are pelagic bul are somewhat
bottom-orented (Skinner 1962, Sasaki 1966b), as are
the eggs and early larvae (Turner 1976). Juveniles and
adults are anadromous and form small separate (by
size or age) schools or leeding groups (Raney 1952).

Habitat

Type: Egos and larvae are found in lower rivering
{freshwater] areas and upper estuaring (oligohaling)
areas. Young-of-the-year also occur in these areas,
with many moving 1o more saling environmants
{mesohaline and polyhaling) in the fall (Calhoun 1853,
Sasaki 1966a). Juveniles may also move into Avers
upstream ol estuaries {Turner 1972). Oider juveniles
may be found in all estoanng areas, but appear 10
prefer certain areas (Skinner 1962), perhaps because
ol food availability and temperature. Young siriped
basscan be highly abundantinmixing areas ol estuaries
where fresh water and sall water mix (Turmner 1872).
This area ks often referred 1o as the “null zone™ or
“critical zone”. Adults are found in the lower estuary
{palyhaline and euhaline walers) from lale spnng to
early lall, in the upper (mesohaling and cligohaline}
areas in late fall and winter, and in freshwater and
oligohaling areas during spawning. Temparatura
appearsiobeanimportant determinant o the estuaring
distributions of juveniles and adulls (Coutamt 1986,
1987).

Subsirale: Eggs and larvae are swepl over vanous
sedimenls, Juveniles appaear 1o prefer clean sandy
bottoms, but have been found over gravel beaches.
rock, mud, and mixed sand and st bottomns (Setzier el
al 1%80). Adults and subadults are also found over
various substrates, such as sandy beaches, rocky
shaores, and mussel beds (Sefzler el al. 1880).

are fuund !n l’rash wataf ln 11 -hl'lijf {Aulifzon et al.

1882). Oplimum salinities for egg survival are 1.5-

3.0%. (Mansueti 1958, cited by Fay el al. 1983). Eggs
ican withstand tempearatures ol 12-24°C (Fay at al
1983), with the oplimum being 18°C (Morgan et al
1981). Lanvae lolerate lemperatures of 10-25°C, but
optimal tempearatures for survival are 15-22°C (Fay o
al. 1983). Preferred temperatures change as tha fish
grow clder (Coulant 1988). Adulls can withsland
lemperatures as high as 35°C, but become stressed at
lemperalures above 25°C (Moyle 1978). Theytolerate
lemperatures of 0-32°C, bul prefer 20-24°C (Fay al al.
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Striped bass continued

1983, Coutant 1986). Adults can also withstand low
dizssolvad oxygen (4.0 ppm) and high turbidity, but this
will inhibit reproduction (Moyle 1976). Optimum
spawning lemperaturesare 15.6-20.0°C, with spawning
ceasing at 21.1°C (Moyle 1976). Dissolved oxygen
levels below 4.0 ppm with temperatures of 22.2°C
reduced egg survival by maore than 50% (Turner and
Farley 1871). Low oxygen levels (2.0-3.5 ppm) may
have eliminated some spawning areas inthe Delaware
River, New Jersay (Setzler et al. 1980).

Migrations and Movemenls: Atlantic population
praspawners may iravel long distances upriverin fresh
waler (Scolt and Grossman 1973), however Pacilic
populations donol. Unkike some east coasi populations
that make exlensive coasial migralkons, Sacramanto-
SanJoaquin River populations and other Pacific coast
populations appear 1o spend most of their lives inbays
and estuaries. This may be related tothe cool coeanic
temperatures found ol the Pacilic coast (Radovich
18963}, San Francisco Bay adulls move inio bays
(some into the Delta) in the tall, overwinter in the Bay
and Della, and then alter spawning in spring, move
back 1o salt water (Calhoun 1952, Moyle 1976). Eggs
and larvae are transporied downsiream by river flow
into lower river and estuarine areas or may stay in the
paneral spawning area i 1his i an area where outflow
is balanced by tdal currents (Moyle 1976). Larvae
school within 4 or 5 days of hatching and are found
primarily in shallow water shore zones of fresh and
brackish waters (Rulifson et al. 1982). Although there
i5 some straying, each Pacilic coast river sysiam
appears o have a distingt stock (MeGie and Mulian
1974,

Reproduction

Kode: The striped bass is gonechoristic (cccasionally
hermaphroditic), polygamous, and oviparous, eggs
arg ledilized externally. It is Reroparows, bul malure
lemales may not spawn every year (Raney 1952, Scolt
and Crossman 1973).

Mating/Spawning: Spawning oCours in riverine
{reshwaler) or slighlly brackish waters in the upper
porions ol estuanies (Har 1973). In Calilornia, spawning
baging in April, and peaks in May and early June,
depending on temperature, river flow, and salinity
(Tumer 1972, 1976). Sirpedbass are Mass spAwWNers,
During spawning runs they will gather close to shore
with groups (5-30 fish) breaking off to spawn in the
main rivar channel. Actual spawning oocurs near the
surface, with individuals frequently furning on their
sides and splashing at the surface (Woodhull 1947,
Moyle 1976). Spawning activity usually peaks during
late afterncon or early evening (Moyle 1876}
Fertilization is external, and must oocurwithinone hour

after eggs are exiruded from the lemale. High
concentrations of total dissolved solids (=180 ppm)
may tlock spawning migrations (Farley 1966, Radike
1966). Cooler water lemparatures in spring allow
siripad bass to move lunther upriver to spawn (Farlay
1866). Successiul spawning reguires the lollowing: 1)
afarge river, 2) waler velocilies sulficient o keep eggs
and larvae suspended off the bottom bul not so fast that
it washes them to calm waters before the lanae can
swimn, and 3) an estuary where young can feed and
grow (Moyle 1976). Sinped bass have a lendency o
returniothe sama spawning arca each year (Chadwick
1967).

Eecundity: Fecundity depends on the age and size of
the lemale. In San Francisco Bay, mean fecundity

ranges from 243,000 (lor 4 year-olds) o 1,427,000 for
8 year-olds and older (Slevens e al. 1985). Up to
5,300,000 eggs may be produced by very large lemales
{Skinner 1962, Wang 1986).

Growih and Development

Egg Size and Embryonic Development: Eggs are 3.3-
4.2 mm in diameter, averaging 3.3 mm in California
populations [Woodhull 1847, Doroshey 1970). Eggs
are spherical, nonadhesive, slightly heavier than fresh
water, and nearly iransparent when developing (Wang
1886). Embryonic developmen is indirect and external,
Eggs hatch in about 1.5-3.5 days (lemperature
dependent), 2 'days al optimum femperatures (16-
19°C) (Doroshev 1970). Halching times range from48
hours (al 17.8-19.4°C) to 70-74 hours (al 14.4-15.6°C)
[Scott and Crossman 1973).

fge and Size of Larvae: Larvae are 2.0-3.7 mm total
length (TL) at hatching, averaging 2.9-5.0 mm TL en
the Pacilic coast (Wang 1986). Absomption of the yolk
sac is highly variable and dependeni on temperalure;
from 3 days at 24°C to 9 days at 12°C (Selzler et al.
1880). Development from the finlold stage
(metamorphose) to juvenile varies with temperature,
raporedly laking 23 days at 24°C 1o 68 days al 15°C
(Rogers et al. 1977, cited by Hassler 1988). Final
langth of larvae before the development of the sacond
daorsal fin ranges from 25.0 to 36.0 mm (Hardy 1978).

Juvenite Sizg Range: Juveniles are fypecally 2.3 cm
fork lengih (FL) in their first year, 23-35 cm FL in their
second, 38-38 cm FL intheir third, and 48-50 cm FL in
thair fourth year. Thereatier, growih is only 1-3 cm/
yoear (Moyle 1976). Sirped bass in Craegon tend o
grow larger than California stocks (MeGie and Mulien
1879).

: Bome makes may mature al the
end of thelr firs! yvear, bul most mature during their




sacond and third year; all are mature by the fifth year
(Moyle 1976). Most females mature during their fourth
of fitth year (873} and all are matura by heir seventh
(Harl 1973; Moyle 1376). Al first spawning, males
average 25 cm FL, while lemales average 45 cm FL.
The maximum size is 122 cm long and 41 kg, but fish
in Pacific populations are usually less than 4.5 kg
{Eschmeyer et al. 1983). The maximum age of the
striped bass s >30 yr, and these are usually females
{Moyile 1976).

Food and Feeding

Tmophic Mode: Striped bass larvas are palagic
camivores, Juveniles and adults are opporiunistic,
fop-level epibenthic and pelagic camivores thal teed
on invertebrates and fish (depending on the striped
bass” size and tood availability) (Moyle 1978), They
are repored o not feed conlinuousky, bul gorge
inemsehas and than wail unlil digestion is complate
{Scottand Crossman 1973). Thayleed mostinlansively
from after spawning (spring) through Cclober.

Eocd Hems: On the Pacific coast, the lood habits of
slriped bass In the Sacramento-San Joaquin Della
have been well-sudied. Large juveniles and adults
feed onfishes and large invenebrates such as Crangon
spp., while smaller juveniles are primarily inverebrate
feeders; Neomysis mercedis, Corophium spp., Crangon
spp., copepods, and cladocera, are primary pray
{Ganssle 1966, Turner 1972). Imponant fish pray lor
larger juveniles and adults inchude threadfin shad
(Dorosoma petenense), threespine stickleback
(Gasrerosteus acuwieatus), American shad (Alosa
sapidissima), pond smell (Hypomesus olidus), juvenile
chingok sakmon (Ongorfiynchus ishawytscha), norhem
anchowy (Engraulls mordax), Pacific staghom sculpin
(Leptocottus armaltus), various smeall spacies, and
young-of-the-year striped bass (Johnson and Calhoun
1852, Stavens 1966).

Blological Interactions
Eredation: Manand karge maring mammaks [e.g., harbor
seals (Phoca vilwling) and sea lions] are probably the
only predators ol adull striped bass. Juveniles are pray
for large striped bass and other piscivorous fishes.

Eactors Influencing Populations: Survival of larvae
appears to strangly delerming recruilmen 1o 1he adull
ite slage. Factors which aflect larval survival are
temperature, salinily, predation, food availability
(Eldridge 1 al. 1881), and poliution. Gne of the major
determinants is the amount of freshwalar discharge
during summer. Normally, the higher the summer
fiows, the higher the larval survival rale (Sommani
1972, Tumar 1572, Tumer and Chadwick 1972).
However, recent resaarch In the San Francisco Bay

been exceptionally low since 1977 (even considening
river flows). Reasonsfor this declineinclude increased
adult mortality, inadequate egg production, reduced
plankton food for young striped bass as a result of
water diversions, large numbers of eggs and young
bass being entrained by freshwater diversions, and
high lavels of contaminanis (Stevens el al. 1985,
California Deparmeant of Fish and Game 1987). Adult
modality may also be increasing because changes in
water flow have “squeezed” (i.e., imited lis prelerred
habitat) this species between its thermal and dissohved
oxygen prelerences or requirements (Coutanl 1985,
1986, 1987). Anoveralldecreaseinihe San Francisco
Bay population appears 1o be due 1o the interactive
elfects of reduced freshwater flows, increased
reshwaler diversions, decreased bay flushing, and
increased body burdens of pollutants which hava
reduced egg production and egg and larval survival
(Setzler-Hamilton et al. 1988). High rates of infestation
by ecloparasites (e.g., Nerocila calilormignsis) in some
bays may be detrimental (Hom et al. 1984). Successiul
reproduction in Oregon appears to depend on optimal
conditions of temperalure and rverilow, often resulling
inthe sirped bass population being dominaled by one
yvear-class [McGia and Mullen 1973).
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Kelp bass

Paralabrax clathratus
Adult

G
SRt e By
LI i)

Common Mame: kelp bass Industrial and domestic wasies are released in large
Scientific Name: Paralabrax clathralus guaniities near some kelp bass habitat, but the elfects
Oiher Common Mames: Calilornia kelp bass, rock ol these pollutans on kelp bass survival is unclaar,
bass, sand bass, cabrilla, calico bass, bull bass, kelp

salmon, lockes cod (Gates and Frey 1974) Ecological: It is an abundant top-level predalor in kelp
Classificalion (Robins et al, 1380) beds offl southern California, with juveniles and small
Phylum: Ghardata adults oflen abundant in the surl zone (bul not
Class: Osteichihyes intartidalty) (Quast 1968a),
Order: Parciformes
Family: Serranidas Range

Dwarall: The kelpbass overall range is from Magdalena
Value Bay, Baja California [including Guadalupe Isiand,

Commercial: Since 1953, it has been ilegaliosellkelp  Mexico) o the Columbia River (Miller and Lea 1372).
bass harvested in Calilornia waters. A limited
commercial catch may occur in Mexican waters (Frey  Within Study Area: This species is commonly found
1871} south of Point Conception, bul is rare in shallow water

bays and lagoons such as Newport Bay (Bane 15968),
Hecreational: The kelp bass is an impordant spor fish  Anaheim Bay, Alamilos Bay, and San Diego Bay
in southern Calilornia, prized for its excallent faste, (Table 1). Juvendes can be common atl times in
good fighting ability, year-round availability, and  Mession Bay, Calfornia (Moah 1285). Itis abundant in
refafively high abundance. It is caughl from aboul  Sanla Monica and San Pedro Bays, California (Cuast
Tomales Bay, Calfornia, to central Baja Calfornia, bul 19683, Carlisle 1969, Fay e al. 1978), and may be
mast effort occurs from Point Conceplion southtoSan  lound in developed areas (e.g., mannas and harbors)
Diego, Calomia. Over 2.5 million were caplured in - (Hornand Allen 1981, Stephens and Zerha 1981, Allen
1885, the second highest caich of recreational lishin -~ 81 al. 1983),
southern Califormda (U.5. Depariment of Commerce
188&). is usually caughl by party and private boats  Life Mode
fishing over kelp beds and trolling with bait. Someare  Eggsand larvae are pelagic, while juveniles and adults
also caught by spearfishing and shore and pier  are benthopetagic (Young 1963, Quast 1968a, Feder
fisherman using hook and ling (Young 1863, Quast et al. 1574)
1968a, Frey 1871).

Habitat
Indicator of Emdronmental Stress: This species s Type: Eggs andlarvae are nentic-epspelagic and occur
dependentonhealthykelpbeds, Temperaluresabove  near the surace. Juveniles are distnbuted from the
24°C (e.g., wasledischarges frommetropollancenters)  surl zone oul 1o depths of 30 m, bul ootur pnimanly
appear to be detrimental to kelp bads (Quast 1968b). inshore at depths of 8-20 m (Quast 1968a, Feder et al,
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Kalp bass continyed

Table 1. Relative abundance of kelp bass in
32 .S, Pacific coast estuaries.
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1974) Adults are found from the surl zone out to depths
of 183 m, but are mos! common between 2 and 21 m
depths (Quast 1968a, Feder ef al. 1874). Juveniles
and aduls can be found throughout the waler calumn
depending on habitat complexity (Cuast 1968a). This
species is considered a kelp bed “cosmopolite”,
accurring throughout the water column (Larson and
DeMartini 1984).

Subsirate: Eggs and larvae are not subsirate dependent.
Juveniles are found among inshaore seaweeds such as
eelgrass (Zosteraspp.). as well as in clumps of feather
boa kelp, in the kelp canopy, algae holdfast regions,
and in rocky areas below kelp beds (Federetal. 1974).
Adulis also prefer areas containing habitat reliel. This
refief can be kelp beds or rocky bottoms, including
submaring canyons and cliffs (Quast 1968a). Larger

adulls often live in deep rocky areas sontaining littke or
no algae (Feder et al. 1974),

it is pnmarﬂ'_.' quﬁd h wa!m's nl 33.5-34 5% and
temperatures of 13-28°C (Quast 1968¢, MBC Applied
Envirgnmenial Sciences 1987), This species will avoid
areas with high lurbidity (Quast 1968a).

Migrations and Movements: Mo migrations are known
to occur. Adult home ranges appearfo be up to 40 ha,
depending on habitat structure (Quast 1968a). Very
few kelp bass will move more than 16 km (Young
18963). As adult kelp bass are harvested from areas
with good habital, bass from adjacent areas will mave
in to replace them (Quasl 1968a),

Reproduction
Mode: The kelp bass is genochoristic, oviparous, and
ileroparous. 1 is a broadcasl spawner; eggs are
fertitized externally (Quast 1968a, Feder et al. 1974).

MatingrSpawning: Spawning lakes place in relatively
deep water (o 46 m) over rough bottomin or near kelp.
Spawning occurs from April 1o November, probably
peaking during June and July (Quast 196Ba, Frey
1971, Federetal. 1974). Successiul spawning probably
only occurs from Point Conceplion to Magdalena Bay.,
Baja Calilomia (Quast 1968a). Larger indiwviduals
mature eadier and remain reproductively active longer.
Hundreds of kelp bazs may aggregate in a small area
during spawning (Feder af al. 1874), Males often
develop a yellow coloronther snout during The breeding
saason (Cuast 1968a).

Eecundity: Batch lecundity is 12,600 eggs for small
females and >50,000 for larger fish {DeMartini 1987).

Growth and Development

Eog Size and Embryonic Development: Eggs are
gphiencal and range from 0.24-0.57 mm in diameter
(Butlerat al. 1582). Embryonic developmentisindirect
and external. At 19°C, eggs hatch in 36.0-40.5 hours.

Age and Size ol Larvae: Larval lengihs range from 2.2-
186.5 mm (Butler et al. 1982). Yolk-sac absorplon
lakes about 5 days at 19°C. At21°C, larvae transform
lo juvenites 28 days after hatching (Butler et al. 1882).
Yolu-sac farvae of three Paralabrax species are
indistinguishabbe (Buther &1 al. 1982},

Juvenie Size Range: Juveniles range in size from 1.6-
320 cm (Cuast 1968a, Buller et al. 1982), and are
about 10 cm aher 1 year.




Keip bass continued

: Some may malure in 2 or 3
years at 18 cm, with most makes maturng at 25cm, and
females at 35 cm in length (Quast 1968a, Frey 1971,
Feder et al. 1874). The kelp bass is a relatively siow-
growing fish; a 31 cm long fish may be 4-6 years old.
Maximum age may b 31 years, and maximum size s
raportedly 72 cmand 6.6 kg (Young 1953, Eschmeyer
et al. 1983).

Food and Feeding
Jrophic Mode: Larvae, juveniles, and adulls are
opportunisie, generalized camivores,

Eood tems: Cncethelr yvolk sacis used, larvae probably
leed on small pelagic crustacea and other plankion.
Juvenies consume primarily inverlebrales such as
crabs (Plevronacodas planipes and olhers), isopods,
gammarid and caprellid amphipods, pisiol shrimp
{Alphasus spp.), caridean shrimps, euphausiids,
mysids, polychaetes, coelenterates, but also smallfish
and algae (Quast 1968a, Diaz and Hammann 1887).
Adults feed on similar organisms as juveniles, but shilt
1o eating primarily larger taxa such as pipefish
{Syngnathus spp.), giant kelp fish {(Helerostichus
rostratus), topsmelt { Atherinops alfinis), pleuronectids,
engraulids, embiotocids, cotlids, serranids, gobsids,
and cephalopods. Fish and cephalopods [primarily
Octopusspp.) are the dominant prey of large adult kelp
bass (Young 1963, Quast 1968a, 1968d, Feder et al
1974). The kelp bass appears o have wo general
teeding peaks during the year, one in the spring and
onainihe fall (Quast 1968a). While normally a solitary
feeder, it may assemble to feed on schooling bait fish,
and even leap from the water if actively pursuing prey
(Feder et al. 1974). The keip bass typically feeds by
searching subsirates and kelp stipes, andlgraging into
crevices. It appears to prefer prey from the waler
column (Diaz and Hammann 1987) and only rarely
lorages near the surlace (Quast 196Ba). It leeds
primarily during the day and retreats into cover at night
{Hobson et al. 1581, Hobson and Chass 1988)

Biological Interactions

Prodation: The kelp bass is a cannibalistic specios
{Guast 1968a) that avoids predation by hiding at night
(Ebling and Bray 1976). Oiher predators of small kefp
bass may include giani sea bass [ Slereplepis gigas)
and broomiail grouper (Mycteroperca xenarcha) (MBG
Applied Environmental Sciences 1987). Large keip
bass probably have few predators olher than man.

Eaclors Influencing Populations: This species may
competa with the barred zand bazs (P mebulfion)
whera they co-otcur, however barred sand bass preler
slightly differant habitat [Turmmer et al. 1969). Because
ol thekelp bass skow growth and nonmigratory behavior,

infensa spor lishing may have a detrimental effect on
populations. Recreational landings decreased from
1981 1o 1584, but whether this was a result of reduced
population sizes, reduced fishing alfort, or related o El
Mifa is unclear (MBG Appliad Emvironmenial Sciences
1887). |Isolafed populations do nol appear 1o be
genetically dilferent (Backwitl 1983).
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Barred sand bass

Paralabrax nebulifer
Adult

Common Hame: bamed sand bass

Sclentilic Mame: Paralabrax nebulfer

Dther Common Nameés: Calilornia rock bass, rock
bass, Johnny verde, kelp bass, sand bass, ground
bass, sugar bass, cabdlla, Califomia sand bass (Gales
and Fray 1974)

Classification (Robins et al. 1980)

Phylum: Chordata

Class: Osteichihyes

Order: Perciformes

Family: Serranidaa

Value

Commercigl No commarcial fishery exists inihe United
States for the barred sand bass, but this species is
harvested in Mexico (Fray 1971).

Becregtional; The barred sand bass Is an important
spor fishinsouthem Califormia. Itis highly sought atier
because of s good taste, lighting ability, availability,
and relativaly high abundance. Itis often caplurad with
the kelp bass (Paralabrax clathvatus) and regularly
seen by skindivers, snorkalers, and glass-bottom-boat
gightseers (Frey 1971). It is usually caught by
spearfishing and by shore and pier fisherman using
hook and ling, Over 1.7 million bamred sand bass were
captured in 1985 (U.S. Depanment of Commerce
1986).

Indicator of Environmental Stress: Industrial and
domeslic wasles may be allecting barred sand bass
habstat, but adverse effects have nol been documented.
However, a morphelogical anomaly (bllateral
asymmetry) has become more prevalent in fish from
southemn Califomia populations, Thiscondition maybe
aresult of sublethal poliion etfects related o increasing

human populations (Valenline et al. 1873)

Ecological: This is an important fish in Calitgrnia rest
communilies. The greatest abundance of adulls
appears 1o be near “edge” habilats wihere rocky and
sandy areas meet [Cuast 1968).

Range

Qvergll: The barred sand bass’ overall range is trom
Magdelana Bay, Baja Calitornia, to Santa Cruz,
California (including Guadalupe Island) (Miller and Lea
1872). It is not common nonh of Pl Conceplion,
Caiormia, bul is occasionally taken in Monterey Bay,
California (Roedel 1953).

Within Study Areg: This species is found in all bays and
estuaries from the Tijuana Estuary fo Sania Monica
Bay, Calilornia (Table 1) (Monaco et al. 1990).

Lite Mode

Eggs and larvae are pelagic, while juveniles and adulis
are banthopelagic. Adulls usually remain within a few
metars over the subsirate. (Feder et al. 1974). This
spacies s more botlom-oriented than kelp bass.

Habitat

Tvpa: The barred sand bass inhabils shallow nentic
emvirgnments down to deplhs of 183 m (Milkar and Lea
1972). Adulls and subadulls arg mos! NUMENOUS
between depths of 5.2 and 26 m (Feder et al. 1874). It
iz commaon over nearshore sandy lats, near kelp beds,
rocky areas, and bays (Squire and Smith 1977), and
can be the dominant fish on rocky reals ( Tumad et al,
1969). Small, immature sand bass praler shalerad
bays or harbors, especially around breakwalars.
Juveniles are oftenfoundin moulhs of baysinealgrass
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Barred sand bass condinued

Table 1. Relative abundance of barred sand
bass in 32 U.5. Pacific coasl estudrias.
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(£ostera spp.) beds dunng fall and winter (Feder et al.
1974). N Is the mosl commen trawl-caught fish in
Mizzion Bay (Moah 1985), and iz also common in San
Diesge Bay [Lockhesd Ocean Science Laboratories
1583), and lower Newpont Bay, California (Allen 1978).
Bays and esluaries appear o play an impornamt rola in
Ihis species sarly Ble history (Kramer and Hunier
1887).

Substrate: Preferred subsirates range from sandy-
botiom flals to rocky areas and kelp beds. Spawning
occurs over flat sandy botloms (Turner ef al. 1283),
Young juveniles are often found in and near eelgrass
beds (Feder et al. 1974),

Physical'Chemical Characteristics: Mo information is
avaitable, bul the barred sand bass is probably a

euhaline species. i may be more sensitive to cool
waler temperatures than the kelp bass (Frey 1971).

Migrations and Movements: The barred sand bass
mavas to sandy flat bottoms to spawn, and then back
to rocky reeds (Turner et al. 1969), Lika the kelp bass,
it appears 1o be nonmigratory (Turneret al. 1968). The
barred sand bass secks cover in caves and holes il
irightened (Feder al al. 1974) and may feed actively at
night.

Reproduction

Mode: This species is gonochoristic, oviparous, and
teroparous. It is a broadcas! spawner; eggs are
fertiized externally (Feder et al. 1974).

Mating/Spawning: Spawning occurs from April to fall.
This species lorms spawning "schoaols” oversandy llat
bottoms (Frey 1971). The age, size, and irequency ol
adult spawning is nat documented.

Fecundily: Batch fecundity ranges from approximately
12,000 eggs for a 447 g female o » 185,000 eggs fora
2,625 g fish (DedMartini 1987).

Growth and Development

EgaSize and Embeyonic Development: Eggs are 0.94-
0.97 mm in diameter and indistinguishable from kelp
hass egos{Butler et al, 1382). Embryonicdevelopment
is indirect and external. Eggs halch in 36.0-40.5 h al
19°C.

: Yolk-zac larvae are nol
distinguishable from P. clathratus or P.
maciiiofasciaius (Buller el al. 19820, Larvae range
in length from 2.2-11.0 mm (Butker et al. 1982). Larval
development is probably the same as P. clathrafus-
larval yolk-sac is absorbed in 5 days (at 19°C), and
larvaltransiormaticnoccurs when they are 11 mmiong
(Butler e al. 1282).

Juvenile Size Ranga: Minimum juvenile size is 12 mm.

Age and Size of Adults: Age and size when mature is
not known. This species reaches a maximemlengthol
B5 cm(Miller and Lea 1972) and probabily lives as long
as the kilp bass (31 years). A 20 year-old fishwas 63
cm (Turner et al. 19639).

Food and Feeding
} » Larvae, juveniles, and adulls are

Carmavonius

Eood ltems: Larvae probably feed on small pelagic
crustaceans and ather plankion once their yolik sac is
depleled. Small sand bass prefler a varisty of
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Barred sand bass continged

crusiaceans (shrimp, amphipods, crabs), molluscs
{octopus, squid), polychaetes, ophiuroids, and fish
{engraulids and embiotocids) (Federetal. 1974). Crabs
ealen are primarily spider and cancroid lypes (Quast
1968). Large bass praler fish such as norhem anchovy
{Engrawlis mordax) (Frey 1871) and other perciform
fishes (Aredius spp., and Runwla spp.) (Cuast 1968).

Biological Interactions

Predation: The barred sand bass is probably
cannibalistic and may have similar predators as kelp
bass [e.g., gianl sea bass (Stereclepis grgas) and
broomial grouper | Mycteroperca xenarcha)]. Large
barred sand bass probably have lew predalors excepl
man.

Eactors Influencing Populations: Barred sand bass
and kelp bass are often lound in the same habaat, but

preler sandy-rocky areas more than the kelp beds that
the kelp bass prelers. As such, the barred sand bass
is more abundant on manmade reals (Tumer &1 al.
18658}, Large numbers of barred sand bass have
apparenily only been in soulbhem Callomia waters
since 1957, Belore this perod, sand bass wera
insignificant in the sport catch. s higher abundance
now may retatelo increased coastalwater lemperaturas
(Frey 1871). Because ol its slow growlh and
nonmigratory behavior, inlense spor fishing may have
a datrimental effec! on the abundance of this species.
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White seabass

Atractoscion nobilis

25 ¢

Common Name: white seabass

Scientific Name: Arracfoscion nobilis

Other Common Hames: California white fish, sea
trout, waakfish, king croaker, white croaker (Gates and
Frey 1974)

Classification (Robins et al. 1980)

Phylum: Chordata

Class: Osleichthyes

Order: Pescilormes

Family: Sciaenidae

Value

Commercial: Thewhie seabass s commarcially ished
in Califormia and Mexico (Frey 197 1). The commaercial
season in Galilornda is closed from March 14- May 16
{during part of the spawning period). Legally, fish must
be at least 71 cm in length (Schultze 1986). This
species was historically caught by lampera, purse
seine, hook and ling, and drifl and set gill nets (Frey
1571}, Mow it is almost exclusively caplured by set gill
nels. Gill nelt mesh sizes must be 8.9 cm or lamger
(Schulfze 1386} Sel nets are typlcally set near rocky
headlands. From 1857 to 1961, much of the Callormia
catch occurred nonh of Point Conception, apparently
reflecting a period of warmer ocean lemperatures.
After ocean lemperatures retumed 1o normal, calch
levels dropped in this region, and have remained low
(<1% of US. catch) (Vojkovich and Reed 1983).
Althaugh landings have fluctuated widely, they have
dropped markedly since 1971 (Vojkovich and Reed
1983). The fwe-year average from 1580 to 1984 was
159 1 landed. However, in 1985, only 56 1 of whitle
seabass wera landed, bul it was worlth $241.000
(National Marine Fishenes Service 1%86). Prior to
1982, mosl of the U5, calch (B0%:) was taken in
Maxican waters, bul lishingby U.S, boats has not been

allowed in These waters since then (Vojkovich and
Reed 1983).

Becreational: In California, there is a limit of 3 fish per
day per person and fish must be =71 cm in length
(Vogkovich and Reed 1983}, The white seabass has
been caught by hook and line (using live bait or lures)
from piers, jellies, and private and party boals for the
past 100 vears {Fray 1871, Volkovich and Reed 1883).
Some are also taken by skindwers, This is a prized
spor fish because it is excellent ealing, difficull to
capture, and may reach trophy size (Frey 1971). The
epor calch peaked in 1949 (64,000 hsh) and has
declined since (Vojkovich and Reed 1983). Many of
the white seabass hooked by sporismen are below
legal size, but kept because lisherman cannot separate
them from olher croakers (or they are ignorant of the
regulations) (Vojkovich and Reed 1983). Historically,
coastal Native Amaricans used white seabass otolths
as jewalry (Fitch and Lavenberg 1971).

Indicator of Envirgnmental Siress: Larvae and small
juveniles appear lo heavily ulilize nearshore areas.
Theralore, human-caused environmentaldegradation
may be affecting recruilment (Vokovich and Reed
1883). Juvenides may be easily aflected by industrial
and domestic pollution (Filch and Lavenberg 1971).
This pollution can cause hemarhages of the eves,
blindness, and perhiaps stimulale increased rates of
parasitism by external parasites (Fitch 1958).

ical: The white seabass is a majer predalor in
southern Calilornia nearshore walers. Fossil aloliths
have been found in California marine Pleistocens
deposits that are 10-12 million years old (Fitch and
Lavenberg 1971},
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White seabass continusd

Table 1. Relative abundance of white seabass
in 32 U.5. Pacific coast estuaries.
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Range

Overall: This species has been recorded in coastal
waters from Magdalena Bay, Baja California toJuneau,
Alaska. There is also anisclated population cocurring
in the norhemn section of the Gulf of Califonia (Frey
1971, Miller and Lea 1972}, It is mest abundant
batween Poinl Conception and Ballenas Bay, Baja
California (Frey 1971), but this range shifis with waler
lemperature lluctuations {Skogsberg 1939, Thomas
1968, Frey 1971).

Within Study Area: Although it is possible to find white
seabass throughout the study area, itis very rare norh
of Point Conception, This species is commaon in San
Pedmoand Santa Monica Bays, but rare in other southam
Calitornia bays and estuaries (Table 1) (Horn 1974,
Hom and Allen 1881, Allen et al, 1983). However, it

appears lo have been once common in Newpon Bay,
California {Skogsberg 1939).

Life Mode

Eggs. larvae, juveniles and adulls are all pelagic.
Juveniles may utilize the kelp canopy for cover (Feder
of al. 1974). Adults may lorm loose schools (Fitch
1958, Feder et al. 1974).

Habitat

Tuvpe: Newly-metamorphosed white seabass occurin
opencoasial walers just cutside the breaker ine (Kramer
and Hunler 1988). This habilal is often less than 8 m
deep. Juveniles and adults occur from the surface lo
depths of 122 m, with adults primarily found from 3-46
m (Fitch and Lavenberg 1971). Very small lish are
found in bays and shallow nearshore waters near the
surf zone, mid-sized fish are found in the mainland kelp
beds close 1o shore, and larger fish are often caught
near rocky headlands and offshoreislands (Fray 1571).

Subsirate: i is most ofien found over sandy Bolams of
along the edges of kelp beds (Squire and Smith 1977).
Schools can be lound over rocky botloms and among
giant kelp just below the canopy (Feder of al. 1974).

i izs: White seabass
ooccur in waters wilh =alinities of 32-34%. and
temperatures of 13-30°C (Vojkovich and Reed 1983).
Larvae have beensuccessiully reared at temperatures
of 18.7-21.7°C (Moser et al. 1983).

Migrations and Movemenls: Some dala indicate that
they migrate norh in the spring and southward in the
{all, wintering off Baja California. This migration appears
o correlate with spawning (Frey 1971). This species
may feed mare actively at night than day (Skogsberg
1939, Fitch and Lavenberg 1971)

Reproduction
Muode: The white seabass is gonocheristic, oviparous,
and iteroparous; eggs are fenilized extemnally,

Maling/Spawning: Spawning occurs from March to
August, peaking from April to June (Thomas 1968,
Frey 1971, Vojkovich and Reed 1983). During the
spawning pencd, spawners appear lo congregate
nearshore in cerain areas (e.g., Long Point and Palos
Verdes Peninsula, Calilornia ), but specific spawning
sites have nol been reponied (Thomas 1968, Frey
1871). Successiul spawning probably occurs from
Santa Rosa Island, California to Santa Maria Bay, Baja
California (based on larval disiributions) (Moser et al.
1883).

Fecundily: Unknown.
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Growth and Development

i : - Eggs are
spherical and 1.24-1.32 mm in diameter (Moser et al.
1983). Embryonic development is indirect and extemal.
Eggs haich in about 3 days at temperatures of 16.5-
20.0°C (Moser el al, 1983).

: Larvae are 2.8-15.5 mm in
length (Moser et al. 1983). Melamorphosis to juvenile
begins a1 about 33.0 mm standard length (SL), and 72
days afler hatching (Moser ef al. 1983).

: Juveniles range in kength from
33.0 mm 5L 1o probably 50 cm SL for males and 60 cm
5L lor females (Frey 1971, Moser et al. 1983).

Age and Size of Adulls: Some males mature at about
51 cm total length, and some females at 61 cm leng
{one yearlater) (Frey 1971). However, allwhite seabass
are mature at B0 cm (Vojkovich and Reed 1983). Many
fernales mature at age three, and most all are malure
by age four (Fitch and Lavenbarg 1971). This is the
largest member of the Sciaenidae lamily in Caklomnia
and may reach sizes over 1.2 mand 36 kg {indriduals
weighing over 27 kg are rare). The largest while
seabass reporied was 1.7 m long and weighed 38 kg
{Squire and Smith 1977). Most commercially-caught
fish are 9-18 kg (Frey 1971). Scale analyses indicale
thatthese ara 3-20 year-old fish, but many may actually
be older (Frey 1971). The 18 kg fish are oflen 20 years
old or okder (Fitch and Lavenberg 1871).

Food pnd Feeding

Trophic Mode: Larvae, juveniles, and adulls are
CAMNIVOToUS.

Eood tems: Larvae feed on plankionic crusiaceans
and other plankton (Moser et al. 1983). Juvendes eat
lish, such as northern anchovy (Engraulis mordax),
Pacitic sardine (Sardinops sagax), chub mackerel
{Scomber faponicus), and squid (Loligo opalescens),
and pelagic red crabs (Pieuroncodes planipes) when
available (Thomas 19€8, Fitch 1958).

Biological Interactions

Eredation: Eggs. lanvae, and juveniles are probably
eaten by many predators. Adults probably have fow
prodators except man, but marneg mammals and sharks
will leed on gill-netted fish |Fitch and Lavenbarg 1871).

Eactors Influencing Populations: Historically, this
species’ populalion size has flucluated widely.
Oceanographic conditions and changes in lorage
species may affect its distribution (Skogsberg 1933,
Vojkovich and Reed 1983). In southern California,
atlempts are being madeto enhancethe white seabass

fshery by rearing juveniles in hatcheries and then
releasing them into the ocean (Crooke and Taucher

1988).
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Common Name: while croakar

Scientilic Name: Genponemus fnealus

Other Common Names: Califormia while seabass,
sed trout, waakfish, king croaker, while croaker, kingfish,
tomcod, tommy, roncky (Roedel 1853, Frey 1971,
Gates and Frey 1974, Squire and Smith 1977)
Classification (Robins &t al. 1980)

Phylum: Ghordata

Class: Osteichihyes

Order: Perciformes

Family: Sciaenidag

Value

Commercial: The white croaker is sold in fresh-fish
markets, however, it is not a prime market ishbecause
of its soht flesh (Bane and Bane 1971, Eschmeyer &1 al
1983). i is also caught and sold for bait (Harn 1973). In
the southarn Calilornia Bight, itis now primarily caught
by boltom sed gill nets (7.0 cm sirelch), bul was once
caught by otter trawl, round haul med, and hook and ling
(Love et al. 1984). Over 453 | were landed in 1952,
1953, 1960, and 1965 (Baxter 1960, Frey 1971). About
200 tyear are now landed, with tha largest calches
occurning in January and February (spawning season)
[Lowe et al, 1984). In 1982, ishermen received 13-18¢/
kg for their calch. Vieinamesea fishermen have recenily
started fishing for this species in Monterey Bay,
Calilornia, receiving 33-110g/%kg lortheir calch [Love et
al. 1984)

Becreational: The white croaker is an impornant spor
fishin California. Although small (and wrongly thought
of as wormy), it is a good food fish [Skogsberg 1939,
Squire and Smith 1977, Love &l al. 1984). llis commonly
caught from piers and boats with hook and line using
vanous bails and lures (Eschmeyer gtal 1383), lis

so easily caught in some localities thal i is consider a
nuisance (Baxter 1960). This species can be caugh
year-round and is especially popular with some elhnic
groups. Owver 249,000 while croakers were caught by
anglersin 1285 | U.S. Department of Commerce 1986).
Most while croaker kept by anglers are 21-25 cmitatal
langth (TL) and 5-7 years old (Love et al. 1584)

Indicatorof Environmental Siress: Highconcentrations
of polychlorinated biphenyls (PCBs) and other
comaminanis in the lissues of white croaker pose a
potential health threat 1o bumans, resulting in the
closure ol some fishing areas (Pulfer &1 al. 1982).
While croakers found near southem Calilornia sewer
outfalls are olten mallormed and diseased. Diseazes
include cancerous growihs onlips (neoplasia), bulging
and missing eyes, warnped bodies, and high parasitism
rates. These condilions are probably a resull of toxic
affluents (Baxter 1960, Fray 1971, Phillips ot al. 1972).
Since the white croaker accumulates contaminants
(Castieand Woods 1972] i is a good indicalor species
for pollution and ks a largetl species of the National
Status and Trands Program (Ocean Assassments
Division 1984).

Ecological: This isan abundan! (eftendominam) species
in nearshore shallow walers with sandy substratum in
souhern California, bolh within bays and esluaras,
and just outside the surl zone (Roedel 1953, Squire
and Smith 1977, Love e al. 1984). While croaker
larvae are often second in abundance anly to northem
anchowy | Engraulis mordax) inihe souihern Calfomia
ichihyoplankion {(Love ef al. 1984}, and this species
often occurs withqueentish (Seriphus politus) (Roedel
1853). Fossil ololths have been found in Pliocens
deposils 12 1o 20 million years oid (Baxter 1960).




While croakar comtinued

Tabie 1. Relative abundance of whila croaker
in32 U.5S. Pacilic coast astuarias.
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Range

Oyerall: The white croaker's overall range is from
Magdalena Bay, Baja California, 1o Vancouver lgland,
British Columbia (Miller and Lea 1972, Han 1973,
Eschmeyer et al. 1983), It is generally not abundan
north of San Francisco Bay, and is rare norh ol
California (Frey 1971).

Within Study Area: This species ks lound in almost all
bays and estuaries south of Humboldt Bay, California,
but is extremely rare north of Humbold Bay (Table 1)
(Reksh 1968, Bane and Bane 1971, Allen 1976, Hom
and Allen 1981, Allen et al. 1983).

Lifie Mode

Eggs are pelagic, and larvae are benthopelagic 1o
epibenthic (Schiotlerbeck and Connally 1982, Love el

al. 1984). Juveniles and adults are primarily epibanthic
schooling fishes [Eschmeyer et al. 1983, Wang 1986),
bul they may occur in midwaler or at imes near the
surface (Skogsberg 1939, Love et al. 1884).

Habitat

Type: The white croaker is neritic and normally found
inshore in waters less than 30 m deep, bul it occurs to
depths of 183 m (Eschmeyer et al. 1983, Love o al.
1984). It is commen in bays and estuaries (Wang
1988). Juveniles occur in waters <27 m deep, large
croakers inhabi greater depths (Love et al. 1384), The
highest larval densities in southern California are found
in a narrow band along the coast at depths between 15
and 22 m (Watson 1982, Love et al. 1984) and within
5 km of shore (Bamett at al. 1984). Juveniles occur
primarily in a narrow coastal band between the 18.and
27 m izobalhs (Love et al. 1584),

Subsirgle: Eggs and larvae are found over sand and
gravel botloms (Wang 1986). Adults and juveniles are
found mostly over sandy botioms, but may occasionally
be found in kelp beds (Roedel 1953, Love et al. 1984).

Ehysical'Chemical Characlenstics: The white croaker
is found in euhaline to meschaling waters (Wang
1986). The oplimal temperature range for metabolism
is broad (11-17°C), and may account for this species’
wide depth and latitudinal distributions (Love et al
18984),

Migralions and Movements: Adulls appear 1o move
shoreward to spawn in shallow waters. Eggs and aarky

larvae apparently remain within this shallow “band™.
Larvae appear lo drift into bays and estuanies on
incoming tlides (Wang 1985) and migrate 1o the bollom
after hatching {Schioterbeck and Connally 1982, Jahn
et al. 1988). Early juveniles initially reside in waters 3-
6 m deep, but move 1o deeper walers as they grow
{Love et al, 1984),

Reproduction

Mode: The white croaker is gonochoristic, oviparous,
and iteroparous. It is a broadcast spawner; eggs are
lerilized extemally.

Mating/Spawning: Spawning occurs in shallow
nearshore waters assentially year-round in Galifomia,

with specilic spawning limes dependent on location

1930, Bane and Bane 1971, Han 1973,
Goldberg 1976, Eldridge 1977, Love el al, 1984), 1t
spawns primarily from Novembser to April in southarm
California, ollen peaking during February and March
(Goldberg 1976, Schiotierbeck and Connally 1982,
Love el al. 1984). It is also known 1o spawn in San
Francisco Bay, Tomales Bay, and near Elkhom Slough,
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Calilormia, and coastalwaters of nonhernMexico (Love
el al. 1984, Wang 1386). The while croaker may have
a protracted spawning season ol Monterey, Califomia,
because of cooler waler lemperatures there (Love &
al. 1984}, During spawning, water tempearalures range
from 8.0-19.0°C, with surface walers of 13-14°C at
peak spawning (Love et al. 1984, Wang 1986). Abatch
spawner, the white croaker spawns 18-24 timas per
seasan, with large lemales spawning earbar and longer
than small individuals (Love et al. 1984). Thas species
appears o uliize two spawning cemears from south of
Point Conception to the Mexican border: one cenlar
nosth and south of the Palos Verdes Paninzula (from
Redondo Beach to Laguna Beach), and a smaller
cenler is around Ventura (Love ef al. 1984),

Escundity: Batch lecundity is estimated to be 800 to
37,200 eggs per flemale (Love et al. 1584).

Growth and Development

Egg Size and Embryomic Development: Eggs are 0.5-
0.9 mm in diamoler, averaging 0.85 mm (Walson
1982). Embryomic development i indirect and extemal.
Inone study, all eggs halched in 52 hr at 20°C (Watsen
1982).

Age and Sizeoflarvae: Larvae range from 1.8-2.8mm
standard length at hatching (Watson 1582, Wang 1986).

Juvenile Size Range: Juveniles are 1.3 to about 13cm
total length (TL) (Love of al. 1984).

Age and Size of Adults: Maturily is reached in 1 1o 4
years, with about 0% maturing in 1 year; all are matune
at19 emTL (Loveet al. 1984). Males appear lomature
al about 12 em and females at 13 em TL (Love et al.
1984). Females grow fasterthan males, and both grow
al fairly constant rates throughout their fves (Loveetal,
1984). The largesl specimen recorded was 39 cm and
0.7 kg (Squire and Smith 1977). White croaker may lve
for 12 1o 15 years (Love et al. 1984),

Food and Feeding

Jrophic Mode: Larvae, juveniles, and adulls are
omnivorous bottom feeders, feeding primarily at night.
However, juveniles may leed in midwater during the
day (Allan 1582).

Eood llems: Larvae eat rotifers, tintinnids,
dinallageiiates, polychaete lervae, lamelibranchilarvae,
copepods, amphipods, and inveriebrale eggs. Very
small l[arvae eat primarily rotifers, while larger larvae
prey on copepods (Jahn et al. 1988). Small juveniles
(=87 mm TL) eal mainly zooplankion, including
cladocerans, amphipods, ostracods, mysids,
euphausiids, crab zoea and megalopae, larval

polychastes, cumaceans, chaslognaths, cyprids,
copepods, and fish larvae (Phillips et al. 1972). Langer
jpvenies and adults switch from zooplankicn lo benthic
and epibenthic organisms, consuming a wide variaty ol
fish [morthern anchovy { Engrauiis mordax) and others],
squid, shnmp, oclopus, polychaeles, crabs, clams,
andother living and dead organisms | Skogsberg 1939,
Baxter 1960, Allen 1982).

Blological Interactions

Predation: The white croaker 15 eaten by sea lons,
Pacific boltlencse dolphin | Tursiops fruncalus),
Calfornia halibut { Paralichthys californicus), black sea
bass (Stersolepis gigas), bluelin tuna | Thunnus
thynnus), and probably other piscivorous anamats (Fitch
1958, Baxter 1960)

Eactors |ofluencing Populations: High levels of
contaminants apparently canimpair reproduction (Cross
and Hose 1888). Concentrations of PCBs and DOT in
this spacies aredirecily related o its reproductive siate
(Cross 1586). Pollutanis may cause taill red and liver
damage (Phillips et al. 1972). Because the white
croakerutilizes nearshore coastal habilats for spawning
and reanng, i is direclly aflected by man’s aciivitias in
these areas.
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Shiner perch

Adult

Cymatogaster aggregata I st

Common Name: shiner perch

Scientific Name: Cymalogaster aggregata

Other Common Mames: shiner seaperch, shiner
suriperch, yellow shiner, shiner, bayperch, poggie,
sparada, minny, bay perch, seven-aleven perch{Roadel
1853, Gates and Frey 1974, Waszhinglon 1977,
Eschmeyer et al. 1983)

Classification (Robins e1 al. 1980)

Phylum: Chordata

Class: Osteichthyes

Order: Parcilormes

Family: Embiciocidae

Value

Commergial: The shiner perch is not commercially
impartant, althouegh some are landed for use as bait
{Frey 1971) and human consumpdion (Roedel 1953).
This species is considered 1o be a delicacy by some
(Washington 1977, Wydoski and Whitney 1979).

Becreational: The shinerperch is commonly caught by
children fishing with small hooks in estuaries and bays
{Baxter 1960, Eschmeyer et al. 1983). Itis occasionally
used for bait in Calfomia‘s San Francisco Bay striped
bass fishery (Smih and Kato 1979).

Indicator of Environmental Stress: The shiner perch
has been veed o assess the toxicity of soma commaon
arganochloning insecticides (Earnest and Benville
1572). Becauselhis species ulilizes nearshore poliuted
envirsnments, il may have body burden pesticide levels
higher tham other fishes (Eamas and Benville 1971).

Ecological: The shiner perch is a small yel abundant
species inmany estuaries and bays. Itis preyed upon
by numerous birds, mammals, and fishes (Simenstad

et al. 1978, Wydoski and Whitney 1873).

Range

Crearall: Cverall range is from Todos Samos Bay, Baga
Calitormia, to Pon Wrangedl, Alaska (Roedel 1953,
Bana and Bane 1971). The shinar perch i scarce at
the morhem and southem ends of its range, bul
abundant from San Diego, Caldormia, 1o Kelchikan,
Alaska (Morrow 1280).

Y¥ithin Study Arga: This species is common toabundant
in all Pacific coast estuaries and bays from San Diego
Bay. California, through Puget Sound, Washington
(Table 1) (Homn 1974, Mormow 1580, Procior &t al
1580).

Life Mode

The shiner perch is a lve-bearer; eggs are relained
withinthe lemale and juveniles areborm fully developed.
Juveniles and adulls are primarily nertic and pelagic
(Garrizon and Mllar 1882).

Habitat

Ivpa: This species occurs pnmanly in nearshore
shallow-water marine, bay, and estuarine habials,
both intertidally and subtidally. 1 is commanly
associated with aguatic vegelation (eelgrass, Zostera
spp.} and docks and pilings (Bane 1388). During
spring and summeas, juvenies prefer intertidal and
shallow-water sublidal habitals in bays and esluaries
(Shaw el al. 1974, Moyle 1976). In winder, they oocur
primarily in neritic marine habitals, occasionally as
deepas 70 m (Han 1973, Wydoskiand Whitnay 1973).

Substrate: The shiner perch poalers sandy and muddy
botioms (Bane and Bane 197 1), bul may be found over
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subsirates ranging irom silt-clay ioboulders (Simenstad
1883). In Yagquina Bay, Oregon, 95% were collecied
on aalgrass beds (Bayer 1978, 1981).

EhysicalChamical Characteristics: Juveniles and adulls
eccur in oligohaline (o euhaline walers (Moyie 1975,
Simenstad 1983) and occasionally in fresh water
(Beardsley and Bond 1970, Moyle 1976). While in
esluarkes they are normally lound in salinities =8-10%.
(Moyle 1876). During the spring and summer when
adults are giving binh, large schools are found in
mesohaline and polyhaling waters (Ganssle 1965,
Mayle 1876). The upper lethal lemperature is 26.5-
30.0°C (Stober 1973). The shiner perchis reponted 1o
oCeur in temperatures ranging from 4 to 21°C (Tap
1852), but shiner perch laft Anaheim Bay, Calilornia,
when lemperatures exceeded 185°C (Ddenweller

1975). I is nol normally found at depths >30 m in
California (Bane 1968), but is commonly caplured at
depihs between 18 and 73 min Puget Sound in winter
(Wydaski and Whitney 1979). This species has been
taken as deep as 128 m (Clamens and Wilby 1861).

Migrations and Movements: The shiner perch forms
loose schools thal move seasonally- onghore and into
shallow waler marine areas, estuaries, and bays inthe
spring, and olishore into deeper marine waters in the
tall and winter (Bane and Robinson 1970, Stober ot al.
1973, Wydoski and Whitney 1979). No coastal {north-
south) migrations are known to occur. During the
praspawning period, adults stay in shallow waters
during daylight and move 1o deaper walers at night,
Afterthis period, most adults reversathis movement by
schooling in deeper water during the day and maving
to shallow water at night (Gordon 1965 as cited by
Wiebe 1268). Adults and juvenies appearioschoolin
separate areas (Shaw & al. 1974). The shiner parch
may use intertidal eelgrass beds significantly more at
night than day (Bayer 1981).

Reproduction

Mode: This speciesis gonechoristic and leroparous. It
is ovoviviparous; eggs are lenilized inlemnally (Wisbe
1968, Garrizon and Miller 1982).

Mating'Spawning: The shinerperch perlorms etaborale
counship and mating behavior, This behavior has
been broken down inlo six phases: (1) male{s) will
chase lemales, (2) one male will isolate one lamale
from other females, (3) the male will aggressively
protect his female from other make shiner perch, (4)
with his dorsal fin rased, the male will swim in a figure-
gight interspersed with wide circular sweeps in front of
and around the female; this may continue lor many
minutes and ba imerrupted pericdically by aggressive
atiacks against other males, (5) the male becomes Bmp
and quivers near the lamale, this is associaled with
rapid jaw and dorsal fin movement, (8) the male turns
on its side and applies his anal fin appendages 1o the
urogenital regian fo copulate with the female (Wiebe
1968). The counship behavior can be lengihy, but
coputation may las! anly a fraction ol a second (Wiebe
1968). Mating occurs primarily inthe spring-summer in
Calitornia (Bane and Robinson 1870, Shaw 1871),
April-July in British Columbia (Han 1973}, and probabdly
summer in Oregon and Washington, Sperm is
apparenily stofed in the female lor several momhs
belore leriization occurs in the winter (Eigenmann
1802, Wiebe 1968). Females give binth during April
and May in Calilornia {Odenwellar 1975), June and
July in British Calumbia (Wiebe 1268), July and August
in Pugat Sound (Wydoski and Whitney 1978) and
spring in Oregon (Beardsley and Bond 1970).
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Eecundily: The reproductive capacity ol this species is
directly related to female size; small young females
produce as few as 5 young, while larger older females
can produce over 20 (Wilson and Millemann 1383), A
lemale may produce up fo 38 young (Clamens and
Wilby 1961).

Growth and Development

Egg Size and Emboyonic Davelopment: Embryonic
davalopmant is direct and internal. Eggs are 0.3 mmin
diameter (Eigenmann 1832), Embryos are initially
0.45 mm in saginal section (Wang 1986). Embryos
davelop spalulate vascular expansions of tissug al the
mangins ol the dorsal and anal fins o aid inoxygen and
carbon dioxide exchange (Turner 1852). During kater
slages of development, a fold of ovaran tissue may
invade the opercularopening of some embryos (Tumer
18532).

Age and Size of Larnvae: There is no larval slage;
embryonic development is direct and intemal.

Juvenile Size Bange: At birh, the fully-developed
shiner perch averages 34.0-43.7 mm long (Wilson and
Millemann 1969, Wang 1986). Juveniles are less than
5.0 cm long (Shaw 1871).

Age and Size of Adylts: The shiner perch can bve lor8
years and grow to 20 cminlength (Beardsley and Bond

1970, Wydoski and Whilney 1979). Howaver, fish ovar
G years old are rare and most are under 16.5 cm in
length (Anderson and Bryan 1970). Males are smalier
than femalas and are rarely konger than 13.0 cm
(Anderson and Bryan 1970). Growth is very rapid the
first year and then slows considerably (Anderson and
Bryan 1970, Bane and Robinson 1870, Odenweler
1975). Males malure soon after birh, but are not
mature al birth as earfer thought (Shaw 1971, Garrisan
and Milter 1982). Most lemales mature Ihair first yaar
(Wilson and Millemann 1969, Shaw 1971, Shaw e al.
1974), except in British Columbia (Gordon 1965 as
citeed In Garrison and Miller 1932).

Food and Feeding

Trophic Mode: Embryos receive oxygen and nutrition
Iram highly-developed ovanian cavily lissues and luids
(Wiebe 1968). Juveniles and adults are omnivorous
{Bane and Bane 1971). Food eaten depends on sex,
age, and seascn (Har 1873). Juvenikes and adults will
legd on benthos or plankton, depending on prey
avallability (Odenwaller 1975). Juveniles and adults
can be nocturnal or day leeders (Hobson &1 al. 1981,
Hobson and Chess 1986),

Eood tams: Juveniles and small adults eat primarily
copapods (Han 1973). Other prey include gammarid

amphipods, algae, mussels, bamacle appendages,
polychaetes, bivalves, crablarvae, cladocera, Isopods,
and mysids (Bane and Robinson 1970, Bane and Bane
1971, Har 1973, Odenwaller 1875, Boftomet al. 1984),

Blological Interactions

Eredation: The shiner perch is eaten by many spacias
ol large marine fishes [a.g., slurgeon (Acipansar spo.),
salman (Oncorfynchus spp.), and barred sand bass
{ Paralabrax nebuien] (Wydoski and Whitney 1973). It
i a seasonally imporiant prey for harbor seal (Phoca
vituling) (Simenslad et al. 1979, Jeliries el al. 1984)
and piscivonous birds suchas cormorant [ Phalacrocoras
spp.), greal blue heron (Argia herooiasy, and bald
eagles (Hafaselus leucocephalus) (Bayer 1879, M. G.
Garmelt 1985, Pacific Power and Light, Portland, OR,
Pers. comm.).

Eactors Influencing Populations: There is little
infermation available reganding the faciors influgncing
shiner perch populations. High water lemperatures
may reduce the lenglh of esluarine residence
(Odermweller 1975), The availabiity and quality of
estuarine areas for giving birth and rearing may also
limil shiner perch abundamce. The shiner perch
populations in San Pedro Bay and adjacent areas have
been declining since 1974, but it is not known why
{Stephens el al. 1983).
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Pacific sand lance

Ammodytes hexapterus
Adult
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Common Name: Pacific sand lance

Scientific Name: Ammodyles hexaplens

Other Common Mames: sandlance, sand launce,
sand aeal

Classification (Robins et al. 1980)

Phylum: Chordata

Class: Osteichthyes

Crder; Perciformes

Family: Ammodylidas

Value

Commercial: The Pacilic sandlanceis not commercially
fished in the U.S. and Canada excepl for a limited
amound for use as bail. Commercial lisheres exisl in
Japan and Europe; the Japanese Pacific sand lance
fishery takes about 100,000 tyear (Field 1987).

Hecreational: This species is not generally usad for
human consumplion, but is reponed 10 be delicious
(Clemens and Wilby 1561). It is mosily used as bait for
larger fishes.

Ecological: The Pacific sand lance is animporant prey
for many differend species of marnna verabratas (Har
1873) and some inverabrates. It is the main prey lor
many seabirds in the northern Gulf of Alaska (Sanger
1887) and was the dominant fish capturad in anearshore
habitat (<30 m daep) in Alaska (Houghlon 1987).
Because of its e history charactedstics, it is not often
sampledby normalirawlgear. Two Ammodylesspacies
aocur off Japan that are morphologically vary simalar
butl probably distingl species. A. hexaplerus and A
personatus (Okamolo 1589).

Indicator of Emvironmental Stress: Oil-contaminated
sediment reduces the amount of time that this species

will stay burrowed [Pearson at al. 1984), Contaminatad
sediments (300 ppm and 3,000 ppm oil) may also
cause hamorrhagng in the head and gill regions of
Pacific sand lance (Pearson el al, 1984),

Range

Cwergll: Owverall range is from scuthern Califormea 1o
Alaska and the Benng Sea, irom Arcic Alaska to the
Sea of Japan (Eschmeyer el al. 1983). The center of
abundance appears 10 beinthe Gul of Alaska (Trumbile
1973). Mis akso foundin Arcticwaters, Hudson Bay, e
northwest Alantic Ocean, and Europe (Leim and Scoit
1966).

¥ithin Sty Araa- The Pacilic sand lance s comman
1o highly abundant in Pugetl Sound, but has highly
palchy disiributions in maring areas of many other
Pacilic coas! estuaries (Table 1) (Monaco et al. 1990),

Lile Mode

Eggs are demersal and adhesive. Larvae, juveniles,
and adults are pelagic and schooling, bul juveniles and
adulls are occasionally demersal (Reay 1970, Garrison
and Miller 1982).

Habliat

Iype: Adulls and juveniles rest and escape from
predalors by burrowing Info clean, unconsclidaled
substrales. A nentic spedies, it is usually associated
with dlean sand boltoms in areas <100 mdeep | Trumble
1573). Howeaver, it may be found to depths of 275 m
(Allen and Smith 1988). Since i needs clean,
unconsolidated sand 1o burrow into and still have
sufficient oxygen, these burrow areas lyplcally have
high bottom current velocities. Hence, areas with
suitable currenl velocilies and subsirale types are
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Table 1. Relative abundance of Pacilic sand
lance in 32 U.5. Pacific coast estuaries.
Life Stage
Esnary |A S J L E|
Pgutsous (O8] 8|88  Aajuive stundancs:
m::rm;l:l!-lll'- B Hghy stuntan
Sagiey 108 '+!r!‘ @ Amnden
s leier 1O} 1OIO] | S Gwmon
. Wi Bay |0 @O
Colmpa e |0 |00 T e
_ Mehsenibey @ @0
Toamock tay |8 @O :"‘_;:ﬂ':
| tewmiey |8 @0 "
sisarve (0] 10]C] | o
| wawste [O] 10]O] | oo
_Asafrw (O 100
L Shserfver 10 10100
Lrpgun Fiver [ | )
a1 =1
Ragea M |
,,,,,,, o L o B
__ HumbokntBay 1O (CHOH
Lol Fowwt | 'I"‘I|
Tomales ay | (] D.Eﬂ‘ﬂﬂ . -
Cant. San Fran fay* (4] | inct.te Cara
Bous San Fran Bey | L :-:;-m-:::m
| EahomBough |V |V
Ugers fhay
Ranis Mesikea ay
Ban Pucra Ml
Aameos Bay |
| ey | =40
MewportBay | |
Msgicn llay | |
San Duga Bay | I
| Tjusea Esuwry | |
A5 J LE

critical lor defining proper habitat [Auster and Stewart
1986). Thistype of habitat is ohan found at the mouths
of estuarnies and may be the reason these lish are olten
lound thara.

subsirate: Larvae aretound ovaera vamnely of subsirafos.
When pelagic, juveniles and adulls are lound over
various subsirales. When they burrow, they choose
clean, unconsolidated sand (perhaps with some smail
gravel). Eggs are also found in these subsirates.

EhysicabChemical Characteristics: The Pacific sand
lance is primarily a marine species: larvae are found in
lull seawater to mesohaline walers (Wang 1986).
However, it isoften lound in sandy areas near freshwater
SBEpSs.

Migrations and Movements: No migration has been
documented, bul uvendes and adults probably move
into coastal and esluaring waters during spring and
summertofeed and escape frompredators. Insummer,
they are mos! abundant in nearshore habitats (Craig
1987). In Alaska, 1- and 2-year-old sand lance appear
1o move inshore in early summaer and then offshore
beginning in late August (Houghton 1287). On the
Allantic coast, newly-hatched Ammodyfes spp. larvae
are found throughout the waler column in well-mixed
shall waters, with most larvae found inwaters less than
10-20 m deep. Larger larvae appear to spend the day
near the botlom and move up into the waler column at
night. By April and May, most pre-melamorphosis
juveniles were caplured al night, indicating they were
near the betiom or burrowed inthe subsirate during the
day (Potter and Lough 1987). Al night, A. hexapterus
juveniles and adults appaar 1o burmow inlo the ballom
(Girsa and Danilov 1976, Hobson 1886). During winter,
adulis are relativaly inaciivie and remain burisd inclean
sand excepl when spawning (Pinto 1884), Juveniles
and adulis often lorm mixed feeding schools wilh
Pacilic herring | Clupaa palfasi), but they may also form
dense “balis” or tight monospecific schools during the
day.

Reproduction

Mode: The Pacific sand lance is gonochoristic,
pviparous, and iteroparous; eggs are ferilized
extarnally.

Mating/Spawning: The spawning biology of this species
is not wall-studied, bul is assumed 1o be similar o that
of the Atlantic sand lance (A. americanus). The Pacific
sand lance spawns in marine waters during the winter
(November-March) (Andriyashev 1954, Filch and
Lavenberg 1975, Wang 1886) in varying depihs of
waler, and probably in strong currents (Andrivashav
1854). Along Kodiak Island, Alaska, spawmng oCours
intertidally at high tide in Oclober (Dick and Warner
1882).

Eecundily: This species’ fecundity is unknown, but
olhar Ammodylos species have been found 1o have
3.300-22,100 eggs per lemale, averaging 6.800 per
lemale (Andriyashev 1954).

Growth and Development.

Ego Size and Embryoni; Development: Ferilized eggs
are sphencal and 0.88-1.20 mm in dameter (Pinto
1984). They also have an oil globule and adhere to
sand grains (Wiliams &l al. 19684), Embryonic
developmenl is indirect and external. Mear Japan,
engs hatchin33 days a1 6.2°C, withoplimaltemperature
being 8.2°C (Inoue et al. 1967). Al 8°C, eggs halchin
24 days (Pinto 1984),




» Al hatching, larvae are 4.9-5.7
mm 5L (noue el al. 1967, Pinto 1884) and grow 1o 30-
40 mim kong belfere metamorphosis.

Juvenils Size Rangs: The juvenile size range s
unknown, but probabdy from 0.4 cm wp 1o 100 .cm tatal

length.

Age and Size of Adulls: This species may become
saxually mature after 1 o3 years (approximately 10 cm
long). In Alaska, jveniles appear 1o mature al 2 or 3
years (Dick and Warner 1382). Fewalongthe Calfomia
ceast rgach 20 cm long, but 1his specles cangrow to 28
cmin length (Harl 1973). The Pacific sand lance may
ive to be B years old (Filch and Lavenberg 1975).

Food and Feeding

Trophic Moda: Larvae, juveniles, and adulls are
planktivorous camivores.

Eood ltems: Small larvae eal diatoms and
dingllagellates, while larger larvae consume copepods
and copepod naupli (Gamizon and Miller 1982).
Juveniles and adults feed primarily on copepods
(Simenstad at al. 1978), with other plankion being
supplementary (Hart 1973). In Alaska, juveniles and
adults feed on zooplankion (pdmarily euphausiids in
winter and copepods in summeat), bul their diet varies
greatly between years (Craig 1987).

Biclogical Interactions

Predation: The Pacific sand lance is eaten by crabs,
seals, whales, and many species of fish, including
Pacific cod (Gadus macrocephalys), Pacific halibul
(Hippoglossus stenolepis), Pacific hake (Merluccius
producius), sole, lingcod (Ophiodon elongatus),
scofpasnids, salmonids, and sculping. Many birds
also prey on the sand lance, including kitthwake | Rissa
5pp.). common mumes | Unia aalpe), putling, rhinccaros
aukkel [Cerorhinca menocerata), ancient mumeale
(Synthiiboramphus antiguum), sooty shearwaler
[Pullinus griseus), cormorants | Phalacrocorax spp.),
red-throaled loon (Gawa stellals), and gulls (Fiald
1887). Nis animpordant prey for juvenile salmonsds off
Oregonand Washinglon(Peterson et al. 1983, Emmett
et al. 78988}, and the primary fish pray for salmonids in
the Strail of Juan de Fuca (Beacham 1986). This
species is also a pimary lorage fish along the norihem
shore of the Alaska Peninsula (Craig 1987). Intense
predation often occurs when the Paciic sand lance
underiakes the transition from sediment burmows 1o e
in the water column (Hobsen 1986),

Eactors Influencing Populations: Little is known
conceming factors that influence populations, but larval
survival and predation on all lile stages are beligved to

be most imporant. Major spawning areas have not
beanpositivaly identified, bul the areas whene prolarvas
have been found indicale spawning occurs in and at
Ihe mouths of bays and estuanres (Wang 1988). Larval
figh surveys in the nofhwesiem Allantic showed a 20-
fold increase in abundance of Ammodyies species
from 1974 to 1979, reflecting a 50-fold change in adult
spawning biomass (Field 1987). Studies of other
Ammodytes spediesindicate watertemperature during
spawning season may aflect recruilment, and some
density-dependant effects of recruitment and growth
have been noted. Increases in populations. of the
Mewioundland and Morth Seas may be related to
decreases in predator populations [cod and mackerel)
{Field 1887, Inthe lower Columbia River estuary, the
Pacific sand lance is the dominant fish caplured during
annual hopperdredging operations (Larson and Moehl
1930).
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Clevelandia ios
Adult

2 em

Common Name: armow goby

Scientific Name: Clevelandia ios

Other Common Names: mud goby (Gates and Frey
1974)

Classificalion (Robins et al. 1980)

Phylum: Chordata

Class: Osteichihyes

Drder: Parciformes

Family: Gobiidae

Value
Commercial: This species has no commercial value,

Recreglional: This species has no recreational value.

Ingdicater of Envirenmental Stress: The arrow goby is
easy o keep in aguana and is an excellent bicassay
organism (Reish and Lemay 1988). However, very
ktile 5 known about this species’ poliution lolerances.

Ecological: The amow goby |5 an impodant component
ol the ichthyolauna in many California estuaries, where
it plays a critical role in the food webs, It is the most
abundani goby in Elkhorn Slough (Cailliet et al, 1977,
Anaheim Bay (Macdonald 1975), and NMewpon Bay,
California (Allen 1282). The armow gobyy ks commanly
associaled with the ghost shrimp | Calanassa spp.).
bulthe shrmp probably derives no direct banafits from
thause ol its burrows by arrow gobies (Hofiman 1981)
However, the arrow goby benefits from this association
by having a reluge from predation and -a residence
during low tide. The armow goby also uses the burrows
of the innkeaper worm (Lirechis epp.) and mud shrimg
{Upogebia spp.). However, goby abundance may nol
comelate with the density of any of these species’
burrows (Macdonald 1975)

Range

COwgrgll: The arrow goby is found from the Guill of
Cabfornia, Baja Calilornda, fo Vancouwver |stand, British
Columbia (Miller and Lea 19732).

Within Study Area: This spacies is found in most Pacilic
coast estuaries, bul is most abundant in southem
Calilormnia bays, estuanes, and lagoons (Table 1)
(Monaco &t al. 17930).

Lite Mode

Eggs are semi-adhesive and demersal. Larvae are
pelages, while juveniles and adulis are demersal and
live freely or commensally in the burows of the
innkeeper worm (Rickelts et al, 1885), and mud and
ghost shrimps (Prasad 1948)

Habital

Typa: All lile stages are found in interidal and sublidal
areas of bays, esluanes, and lagoons (Prasad 1948,
Carter 1965, Brothers 1975, Wang 1986). Larvae are
most abundant inareas of high salinity in San Francisco
Bay, California (Wang 15858, Calilornia Department of
Fish and Game 1887}, Juveniles and adulls are found
in oligohaling to auhaling waters (Calilornia Department
ol Fish and Game 1987},

Substrate: Eggs are laid onmud, sand, and sometimes
gravel (Wang 1286). Larvaecan be found over a wide
rangeof substrates. Juveniles and adults prefer bottoms
of mixed sand and mud, bul they can also be found on
chay'sand (Prasad 1948) and other subsirates,

PhysicalChemical Characteristics: Eggs are found at
temperatures »10°C (Wang 1986). Juveniles and
aduhs are suryihermal, withslanding lemperalures from
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Table 1. Relative abundance of arrow goby
in 32 U.5. Pacific coast estuaries.
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4-26°0 (Prasad 1948). Arow gobies may inhabil the
cooler walers in inveriebrale burrows when inleridal
baywalers reach highlemperatures (Macdonald 1972).
The arrow goby spawns in polyhaline to euhaline
waters(Wang 1986). Juvenile and adulls are euryhaling,
lolerating fresh waler and salinities greater than
seawaler (Carler 1965). However, prolonged exposure
1o iresh water or low salinities can result in death (L. G,
Allen, Calil. S1ate Unby., Nonhridge, CA, pers. comim ).
This species is also toleranmt of low oxygen
concentrations (Carter 1965).

Migrations and Movements: Pelagic larvae are widely
transporled within bays and lagoons and probably 1o
offshore waters (Nordby 1982, Wang 1988). Intertidal-
dwelling juveniles and adulls do not appear to migrale
down to sublidal habilats during low tide, bul take

refuge within ifverlebrate burrows and intertidal poots
(MacGinitie 1935, Prasad 1348, Macdonald 1975).
Arrow gobies are most aclive at low light levels
(Macdonald 1975). Light refiected from the silver belly
of a threatened goby can stimulate other gobies 10
search lor cover, thus causing gobies in an entire area
to retreat inlo burrows (Macdonald 1975). In some
northern estuaries arrow gobles may only use
Calianassa spp. burrows during spring and summer
(Hoffman 1581).

Reproduction
Mode: The arrow goby is gonochoristic, oviparous, and
possibly iteroparous; eggs are lenilized externally.

Mating/Spawning: Spawning cccurs on intertidal mud
or sand flals of estuaries, bays, or lagoons (Wang
1986). It may spawn year-round, depending on estuary
{Brothers 1975). The principal spawning period is from
December to Seplember. Peak spawning activily in
many southern California estuanesis from February to
June (Prasad 1948, Macdonald 1975), and from
November to April in Mission Bay, California (Brothers
1975). The lemale’'s abdomen becomes swollen naar
spawning time and the yellow colorof the eggs shows
ihrough the abdominalwall, Females may alsodevelop
a sireak of black pigment on the anal fin, Males show
a considerable increase in pigmeniation during the
spawning season; dorsal fins and the upper hall of the
pecloral fins becomedarker and a black streak is found
on the anal fin (Prasad 1948). Females become
lethargic near spawning time, while males are very
active. Male bweading behavior includes fighting,
chasing, nipping. and bedly-llashing (Macdonakd 1975),
Mo nest is buill, eggs are deposited singly or in smeall
groups (Prasad 1948), with 15-25 eggs laid at a ime
(MacGinitie 1935). Eggs are laid on walls of a burrow
which is about 10 cm deep (Wang 1986).

Escundity: Fecundity ranges from 300-1,200 eggs per
fernale, depending on body size (Brothers 1975).

Growth and Development

Eog Size and Embryonic Development: Eggs are
elfiptical, club-shaped (Prasad 1948, Brothers 1975,
Wang 1986), and 0.735 mm long and 0.645 mm wide
{MacGinitie 1835, Brolhers 1975), They are adhesive
only al the anchoring point (Prasad 1948). Embryonic
developmeni iz indirec! and axternal. Al 15-15.5°C,
hatchinglakes 10-12days. Noparenial careis provided
(Macdonald 1975).

Age and Size of Larvae: Larval lengths range from
2.75-3.20 mm at hatching (Prasad 1948, Brothers
1975). Translormation 10 juvenile occurs al about
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14.0 mm after the larvae develop the externzal
characteristics of adults (Prasad 15848).

Juvenile Size Bange: Juveniles are rom 14.0 mm lo at
least 28.0 mm long (Prasad 1948). Juvendes are less

than one year old (Prazad 1848, Brothers 19758}

Age and Size of Adylis: The arrow goby matures in at
lzasl one year, when it is longer than 22 mm, All
females are mature by a length of 34 mm (Prasad
1948, Brothers 1975). Some gobies may malure atter
one summer if they setiled in spring (Brothers 1975),
The maximum size reported is 52 mm (Carter 1965).
Mast live for only 1 year, but a lew will lve 2-3 years
(Prasad 1348, Brothers 1975). The sex of individuals
=19 mm long can be distinguished by the shape of their
anal papiflae (Prasad 1948).

Food and Feeding

Irophic Moda: This species is primarily camivorcus
(Macdonald 1975). Larvae are planklonic feeders,
while juveniles and adulls are epibenticbenihac feadars
{Prasad 1948, Brothers 1975, Macdonald 1975).

Eood llems: Larvae feed primarily on the copepod
Acartia lonsaand probabdy other zocplankion. Juvendes
and adulls consume harpacticoid and cyclopoid
copepods, ostracods, nemalodes, and oligochastes.
Gammarid and caprellid amphipods, and large
oligochaetes are imporant prey for larger gobies
(Prasad 1948, Macdonald 1875). Other food may
include isopods, lilamantous algae, crustacean nauplii
and rosae, diatoms, and tintinnids (Prasad 1948).
However, these items may only be eaten incidentally
with ather prey (Macdenald 1975). Besides the above
pray, pieces ol lood released by a ghost shnmp (while
it terars s food) may be snatched and eaten (MacGinitie
1834, cited by Carter 1965).

Biological Interactions

Prodation: This species is consumead by many predators,
including: Calfornia halibut { Paralichthys californicus)
(Haaker 1975), wallaye suriperch (Hyperprasopon
argentewm), Caliomia cobina | Menbcimhus unoulalis),
white croaker (Genyonemus lineafus), Pacific staghom
sculpin [Leplocottus armaltus), diamond turbot
(Hypsopsetta guttulata), queenfish (Seriphus politus),
specklefin midshipman (Porichthys myriaster), round
stingray (Urolophis halier)), shovelnose guitarfish
(Rhinobatos productus), Calidomnia kilifish {Fundulus
parvipinnis), and probably many specias of piscivorous
birds [gulls, greater yellowleg (Tolanus melanoleucos),
and shon-billed dowitcher (Limnodromus griseus)|
{Prasad 1948, Brothers 1975, Macdonald 1975).

Eactors Influencing Populations: Predation probably

plays a major role in determining population size
[Macdonald 1875). Other important faciors include
parasites, compeliion with other fishes, and siress
from spawning (Brothers 1975). The armow goby is.an
esluary-dependent species, hence, any lactor which
impacts lidal flats and inveriebrate burrows probably
directly aflects armow goby abundance, Howewer,
annual freshwater inflow was nod found 1o influence
amow goby populations in San Francisco Bay (California
Depariment of Fish and Game 1987).
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Common Name: lingcod

Scientific Name; Ophiodon elongatus

Other Common Mames: cultus cod (MeClane 1978)
Classification (Robins st al 1280)

Phylum: Chordata

Class: Ostgichihyes

Order: Parciformes

Family: Hexagrammidae

Valug

Commercial: Tha Engood Is an imporanl commarcial
species, with over 4,000 t kanded in 1985, worlh $2.9
million (National Manne Fishernes Service 1586). Itis
harvested from Callomia to Alaska using trawls, kong
ines, and gill nets. Since the 19603, there has beena
general reduction of commercial calches im both
Canadianand Amercanwaters(Bargmann 1981, Cass
1981}, I Is the eighth most impontant commercial
species In Puget Sound, Washington (by dollar value)
(Bargmann 1381). In Washingion coasial waters,
mast commercial calches eccur betwaen 40 and 100
lathoms (80-200 m) {Jagielo 1988).

Begreational: This is a przed sport fish bacause of its
size and excellent taste (Eschmeyer et al. 1983). Itis
the top California sport fish (by poundage) betwaen Pt
Arguello and the Oragon barder (Frey 1871), and the
sevanth most important sport fish in Puget Sound (by
number) (Bargmann 1981), This species is taken by
anglers using hook and ling from boats, péers, and
shore, and also by spearfishing divers.

Ingicator of Environmental Siress: Eggs raquire wedl-
oxygenated water [Giorgl and Congleton 1584). Oil
and other petrochemical spills may reduce populations
{Shaw and Hassler 1983). The lingcod may also

concentrate heavy metals (Shaw and Hassler 1983),

Ecalogical: This species is a major predator of smaller
fishes and cruslaceans in rocky reel habilats and kelp
bads.

Range

Cwarall: The lingood is found along coasial areas lrom
Baja Calfornia 1o Kodiak and Shumigan Islands inthe
Gull of Alaska (Hart 1973). I is mos! abundam! lrom
Paoint Conception, California, 1o Cape Spencer, Alaska
(MBC Applied Emdronmental Sciences 1987,

Within Study Area: The lingood is common in Puget
Sound and present inmany other estuanes of the siudy

area (Tabde 1) (Monaco et al. 1590). Small coastal
gstuares are used primarily by juveniles.

Life Mode

Eggs are demersal and adhesive. Larvae and small
juveniles (S70 mm long) are epipefagic, while larger
juveniles and adults are demersal (Miller and Geibel
1973), Adults are found in maring waters, intestidally
and deepor (down to approximalely 475 mj, but an
most abundant at depths between 100-150 m (Allen
and Smith 1988) Juveniles settle out of the plankion
into mearshore shallow-waler areas (<20 m deep),
often where there is some Ireshwater runoll and lower
safinities (Day et al. 1986).

Habitat

Ivpa: Eggs are kaid in marine, rocky sublidal areas (o
at least 19 m balow low tide) where adults reside. The
pelagic larvae occur in the near-surace waters in
marine and estuarine areas (Har 1573}, Juveniles are
feund in intertidal areas of shallow estuanne bays and




Lingeod continued

Tabla 1. Relative abundance of lingood in 32
U5, Pacific coast estuanes.
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to at least 61 m depth in the ocean (Miller and Geibel
1873). This speciesis commonly found onsteep rocky
reels, near algae and seagrass beds, and in areas with
strong tidal currenls, Makes areusually tound in waters
<185 m deep.

Sybsirate: Eggs are laid in rocky crevices and
overhangs. Juveniles are found on sandy botloms,
while adults prefer rocky regls or kelp beds.

EhysicaliChemical Characienstics: Currenls may
influence spawning site selection and eggs are usually
laid in suhaling areas having swift currents (Giorgi
1981, Giorgi and Congleton 1984), Juveniles are
found inmaring and mixing zones of esiuarnies, but their
salinity tolerances are unknowrn, Adulls are typscally
found in maring waters al temperatures of 5-15°C

(MBC Applied Environmental Sciences 1987).

: Adults apparently move
it shallow-water habats during the spawning saason
{winter) (Miller and Geibel 1973), but in general, adults
are relatively sedentary, In spring, pelagic larvae
{approximately 20 mm in length) are transported
inghore, Inlate spring, (May and June) juveniles settle
oul or move into shallow-water coastal areas and
estuaries (Phillips and Barraclough 1877). Juveniles
appeartomove away from shallow-watersandy habitats
inthe fall and early winter, but like adulis, do nol appear
to show exlensive migrations.

Reproduction
Mode: The lingeod 5 gonochoristic, oviparous, and
ileroparous; eggs are fedilized externally.

Maling/Spawning: Spawning occurs from November
to March off California, and December to March/Aprilin
Puget Sound (LaRiviere et al. 1981). Peak spawning
lakes place in December and January in California
{Miller and Geibel 1973), and February and March in
Washington (LaRiviere et al. 1581). Females extrude
eQgs, akong with a yellow secretion, directly onto the
spawning sile. The eggs adhere to the rocks and each
clher. The malke then swims over the egg mass and
lertilizes them with his mil. The egg laying and
fertilization continues until the female leaves the nest
site (Wilby 1937), The malestays and guards the eggs
and may fan the eggs with his pectoral fing (Garrisan
and Miller 1382). Males may be monogamous or
polygamous and are commaonly found guarding more
than one egg mass (Garrison and Miller 1982). Larger
fish often spawn earlier than smaller lish.

Eecundity: From 6,000-500,000 eggs can be faid,
depanding on tha size of the lamalke (Phillips 1959).

Growth and Development

Egg Size and Embryonic Developmenl: Eggs are
spherical and 2.8 mm in diameter when laid, and 3.5
mm in diameter after fertilized and water hardenad
{Wilby 1937). The egg mass can be large, up 10 33 kg
(Forester 1969). Embryonic development is indirect
and external, Eggs hatch in about B weeks, with eggs
on the oulside of the mass hatch first (Jawell 1968).

Age and Size of Larvae: Larvae are approximately 7
mm long at hatching and grow 1o 55 mm in length
before matamorphosis (MBC Apphed Emnvironmental
Sciences 1987).

s duveniles grow from 5.5 10 80.0
em long (femala) or 50.0 cm long (male) in California
belore reaching maturity (Miller and Geibel 1873). Fish
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in more norherly populations tend 1o grow larger
belore reaching maturity,

Age and Size of Adulls: In California, most females
mature at 80.0 cm total langth (TL) {3 years), and most
males at 50.0 cm TL {some 2 years) (Miller and Gaibel
1873). The lingood matures at slightly larger sizes
north of Calilomnia (Han 1573), but grows. faster in the
southern pan of their range, where both males and
lemales average S0.0 cm alter 3 years. Femalg
lingeod can grow 1o more than 152 cm long [Eschmeyer
e al. 1983), 32 kg, and 20 years old (Miller and Geibel
1973). Howaver, males usually never grow longer than
%0 cm (MBC Applied Environmental Sciences 1887).

Food and Feeding
Trophic Mode: Larvae are camivorous zooplanktivores,
Juveniles and adults are camivorous.

Food ltems: Larvae eat copepods, copepod naupli
and eggs, and odhercrusiaceans. Small juveniles leed
on cruslaceans, but as they grow they concenirate
their feading on small fishes, Adulls are lop-level
carnivores and fleed on Pacific herring (Clupea
harangus), sand lance (Ammodyles hexaplerus),
flounders, Pacific hake (Merluccius productus),
rocklishes (Sebasles spp.), and large crusiaceans,
They are also cannibakistic (Hart 1973). However,
females do nol eal during spawning (MBC Applied
Emvironmental Sciences 1987).

Biological Imeractions

Predation: Invenebrates (gastropods, crabs, starfishes,
s£a urchins) and venebrales [spiny doghsh (Squaivs
acanthias) and Pacific staghom sculipin (Lepfocotius
armatus)] prey on eggs (LaRiviere et al. 1981, MBC
Applied Environmental Sciences 1987). Larvae and
juveniles are eaten by olher fishes, including adult
lingcod. Besides humans, probably only marine
mammals and large sharks are predators on adulis,

Eactors Influencing Popylations: Overfishing can be a
problem bacause of this species' slow growth and
imited mobility (Bargmann 1982), Poor waler circulation
reduces embryo survival (Giorgi and Congleton 1984),
Estuaring dredging may alter natural open-sand rearing
areas (Buckley el al. 1984). Pradation. cannibalism,
disease, and poor larval survival may limit recruitment.
Year-class sirength apparently vanes widely due 1o
many factors (Cass 1281, Day el al, 1986),
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Pacific staghorn sculpin

Leplocottus armalus

5em

J

Comman Name: Pacific staghorm sculpin

Scientific Name: Leptoootius armalus

Other Common Names: staghom sculpin, bullhead,
cabezon, bullalo sculpin, smooth cabezon (Gales and
Frey 1974)

Classification (Rebins et al. 1880}

Phylum: Chordala

Class: Osteichihyes

Crder: Perciformes

Family: Cottidae

Value
Commencial: This species has no commencial vakue,

Recreational: The Pacific staghomn sculpin i usually
captured incidentally with other fisheras, such asthose
for sturgeon [(Acipgnser spp.) and salmon
(Oncorfiynchus spp. ), and is thus considerad a nuisance
by some. Itis not usually consumed by anglers, but is
easily caplured inshallow waters and somelimas used
as bait (Reish 1968).

Indicatorol Envirgnmental Stress: Sincethis speciesis
disinbuted throughoul mest Pacific coast esluarnias
and may spend its endire fife within esluaries, il is a
largel species ol the Mational Stalus and Trends
Program {Ocean Assessmants Division 1984).

Ecolagical: The Pacilic staghom sculpinis animponan
predator of ghost shiimp, Calianassa caliormiensis
(Posey 1386}, I iz a common estuarnne fish that s
ealan by various fishes, birds, and mammals.

Range
Overall: This spacias is found from southarn California
to the Gull of Alaska (Wydoski and Whitney 1979).

Within Study Areq: It occurs in all estuaries within the
study area (Table 1) (Monaco et al. 1990),

Life Mode

Eggs are demersal, adhesive, and are probably laid in
maring walers. Larvae are planktonic (marine and
astuanine), and juvenilas and adulls are demersal.

Habiiat

Typa: Thisis aeuryhaling species. Juveniles aré found
in shallow walter, rivering, estuaring, and manne
habiats.  Older ard larger Pacilic staghormn sculpins
reside in maring and highly saling astuaring areas
(Wydoski and Whitney 1979).

substrale: Newly-sefthed juvenites prefer clean sand
(Marliave 1975, cited by Garrison and Miller 1980}
Oider puveniles and adults are also found primarily In
sandy habilals. Planktonic larvae and benthic living
juveniles and adults can be found owver substrates
ranging from soft mud to rock (Wang 1986).

Physical'Chemical Charadenstics: The location of agg
masses has nol been discovared (Garison and Miller
1980). However, oplimum egg survival and
davelopment in the laboralory eccurs in salinities of
26%., whila best larval survival occura in saliniies of
10.2-17.6%: [Jones 1962). Juveniles withsland larger
fiuctuations in salinily and are more lolerant of low
salinity than eggs, larvae, or adulls (Jones 1962)
Small uveniles are found interidally, while tanger
pveniles and adulls are found subtidatly. This species
is nal normally found below 50 m depth. Juveniles
have wide salinity and lemperaiure tolerances,
withstanding salinities near 87 5%. al 25°C, 37 5% al
29%C, and 0.0°%. at 10°C (Morris 1960).

246




Pacific staghorm sculpwn confinued

Table 1. Relative abundance of Pacilic staghom
sculpin in 32 U.S. Pacific coast esluanes.
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Migrations and Movements: Although notrue “migration”
exists, the Pacific staghom sculpin shows seascnal
movements within estuaries. Smalljuveniles settle-cul
in the lower manne areas of estuaries in winter and
then move up into reshwater areas in spring and early
summer (Conley 1977). There is a tendency 1o move
down into estuarine and then maring walers as they
grow [Jones 1962). ARer spawning, adults may leave
shallow spawning grounds and move lodeeperolishore
walers (Tasto 1975). However, many appear to spend
their entire lile in estuaries.

Reproduction
Moda: The Pacific staghom sculpin is gonochoristic,
eviparous, and Heroparous; eggs are ferilized

exiemnally,

Mating'Spawning: Spawning occurs from Oclober to
March or Apell, peaking in January and February (Jones
1862, Wang 1986).

Eecundity: Fecundity averages 5,000 eggs per lemale
{Jones 1962) and ranges from 2,000-11,000 eggs per
femaie [Moyle 1978).

Growth and Development

Ego Size and Embryonic Development: Eggs are 1.36-
1.50 mm in diameter (average 1.43 mm). Embryonic
development is indirect and extarnal. Eggs hatch in 8-
14 days after fedilization at 15£5°C.

: At hatching, larvae range from
3.9-4.8 mm total length (TL) {Jones 1962).
Metamorphosis to juvenile begins after about 2 months,
when larvae are 15-20 mm standard length (Matarese
et al. 1989).

Juvenie Size Ranga: The juvenile size range is from
about 20 mm 1o approximately 120 mm TL (Jones
1962).

Age and Size of Adulls: The Pacific staghorn sculpin
matures in 1 year and usually >12.0 em TL. This
species can lve as long as 3 years and grow 1o 20,3 cm
in lgngihin California (Jones 1962), andupio 10 years
and 22.9 cm in length in Washinglon (Wydoski and
Whitney 1973),

Food and Feeding
Trophic Mode: Larvae ane planktivorous, while juveniles
and adulls are Carmivongus.

Eood tems: Juveniles feed primarily on benthic and
apibenthic organisms, including the amphipod
Corophium  spp., other gammarids, decapod
crusiaceans, andhe polychaete Neanihes spp. Large
juveniles and adults consume fish and large crustaceans
(Crangon spp.) (Jones 1962, Tasto 1975, Conley
1977, Smith 1980, Posey 1986).

Biological Interactions

Predation: This speciesis eatenby large fishes, ducks,
loons (Gavia spp.), cormaranis | Phalacrocorax spp ).
gulis, and marine mammals (Tasto 1975, Treacy 1984).
To reduce predation, the Pacific siaghom sculpin will
iry 1o parially bury iiself in the sedimen. | will also
erect i1s opercular spines laterally with the sharp
racurved hooks lacing upward 1o deter predators (Tasto
1975).

Eactors Influencing Populations: Larval success
probably determines overall recruitmeant. Newly-seting
juveniles use shallow tidal flals and pools, hence
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Pacific staghorm sculpin continued

destruction of this habitat will affect this life stage. The
Pacilic staghorn sculpin may compete with the

introduced yellowfin goby {Acanthogobius favimanus)
in estuaries where both species exist (Usui 1981).
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California halibut

Paralichthys californicus
Adult

Common Name: Calilomia halibut

Scienlific Mame: Paralichihys californicus

Other Common Names: Monterey halibut, bastard
halibut, chicken halibul, southern halibut, alabalo
(Ginsburg 1952, Roedel 1953)

Classification (Robins &1 al, 1980)

Phyytum: Chordata

Class: Osteichihyes

Order: Plauronectdormes

Family: Bothidae

Value

commergial: The California halibul & commencially
lished from Eureka to San Diego, Callomia, with most
caught between San Francisco and San Diego (MBC
Applied Environmental Sciences 1987). The centerof
Ihe fishery was originaly southern Calilornia 1o Baja
Caklomia, but it has shitted northward (Fray 1971).
This specias is harvested by sl gill net, irammeal ned,
and trawd nets (Schultze 1986). Fish must ba =56 cm
of at least 1.8 kg (in round) o 1.6 kg dressed waight.
Maregwer, no morethan 4 lass than S6cminlength can
be kept for noncommercial uses when caught
incdentally in frawls. Open season for Calilomia
halibut irawling grounds (Point Arguelio to Point Magu)
is June 16 through March 14 (Schulize 1986). Calfornia
lsherman landed an average of 534 | per year lrom
1983 fo 1987, receiving 50.84-1.59/kg in 1987
{Califprnia Departmem of Fish and Game 1928), Since
1973, calches have steadily increased (Calilomia
Deparment of Fish and Game 1988). In 1987, most
ware caughi in March and the fawest in Septomber
(Calilomia Departmant of Fish and Game 1388).
Meaxican catches are highasi during summar and fall
(Roadel 1953). The commercial fishary is biased
loward lemales becausa they grow faster than males

(Resd and MacCall 1888). Incidental catches of
seabirds in gill nets sel for Calilornia halibut and whide
croaker (Genyonemus fineatus) are a problem

Becreational: The Cabformia halibut is-a highly desirable
species because of is excellan! tasle and large size
(Frey 1971). Ower 816,000 were caught by anglers in
1985 (LL.S. Depanment of Commerce 1986). Average
size caught is 2.7-3.2 kg, bul pier-caught fish are
usually much smaller (Squire and Smith 1877). This
species is rarely caught in waters >18.3-27.4 m deep
(Squire and Smith 1977). From Morro Bay 1o Tomales
Bay, Calilornia, fishing is best from summer toearly fall
(Squire and Smith 1977). This species is caught
primardy from piers and boats using hook and line and
live bait (Roedel 1953). In Calilornia, anly fish »56 cm
long are legal 10 keep (Reed and MacCall 1988);
anglers are allowed totake S/iday except in the Bodega
and Tomales Bay areas (Caliormia Depanment of Fish
and Game 1987)

Indicator of Emvironmental Stress: The size and health
of Calilornia halibut populations probably reflects the

health of southem California shallow walers because
this species depends on these areas for is early lile
stages (see “Factors Influencing Populalions™)

Ecotogical: This is tha largest Paralichthys species in
LS. walers (Ginsburg 1952). It is common along
sandy nearshore areas and atop predatorin nearshore
sandy bollom environmants in southern Calidornia.

Range

Dvarall: The Calilornia habbut's ovarall range is from
Magdalena Bay, Baja Calilomia, to the Cuilayule
River, Washingtlan, an isolated population exists inthe




Califarnia halibut confinued

Table 1. Relative abundance of Calfornia halibut
in 32 U.S. Pacilic coast estuarias.
_UleStags
 Esway [ABJLE
Puget Sound Ralative abundance:
M. . l- I @ Hghly atwndant
®  reundand
Um 0O cCommen
Wikape Hay | B T
Ay Mipnk  Pol prasen
e gy 1
Tanmons Bay ' Uil stago
m“.r | 1 r‘-m
S v i
Yacuina Bay 3 e
Alnaa Fiver
{ Shuslaw Fivee | |
Lerspepum Flvewe
Coos Bay
Flingrua Flras
K Fivad
M i Hay L]
Eai Aivar |
_TomamBay | | 1OIQ] |
Cent SanFmn lay* | 4| (DO iraclyies Canirsl Ban
oun SanFrn By | V| 10| O] | amstan Panion
EsmBeagh |4 O] Y
Moo Bay | 4| (O Y
Sanin bonica By [ @)1 O H_._E
San Fea By |0/ 0@ @O
— Ramnbay | | (@]
snareim By || | @)
MewportBay | | (O] ¥ ¥
=
SanDugofay (O] | @]
Tiara By | | )]
s d L E]

Gull ol California (Ginsburg 1952, Miller and Lea 1972,
Eschmayer ef al. 1983, Allen et al. in prep.).

Within Siydy Arga: This species is common in all bays
and asiuaries south o Tomales Bay, Caklomia, and
abundant in most estuarias south of Poeint Conceplion.
N is rare or absent in estuaries nonh of Tomales Bay
(Table 1) {Chapman 1863, Bana 1968, Bane and Banae
1971, Miller and Loa 1972, Fierstino ot al. 1973, Haakar
1975, Cailiet et al. 1977, Hormn and Allen 1981, Lockheed
Ocean Science Laboratories 1983, Wang 1986).

Lite Mode

Eggs and larvae are pelagic (Ahlstrom and Moser
1975, Ahdstrom at al. 1984). Larvae are most abundant
in coastal walers during March through Seplember
(Ahlstrom and Moser 1975, Walker el al. 1987).

Juveniles and adults are benthic or demarsal, however
they often will pursue food well off the bottom (Frey
1971). Eggs occur primarily between the & and 20 m
isobaths; larvae between 12 and 45 misobaths (Haaker
1975, Pummer et al. 1983). Small juveniles are tound
primarily in coastal embayments and estuanes, bul
they also occur in very shaliow cpen coastal waters
{Clark 1930, Fiarsting o al, 1973, Haaker 1975, Barry
and Cailliet 1981, Hornand Allen 1981, Plummer et al.
1983, Neah 1985, Kramer and Hunler 1987, 1988).

Habitat

Type: Eggs and larvae are found primarily along a
shallow water "band” innearshore opencoastal walers
{Ahlstrom and Moser 1875). Larvae 510 mm long are
found throughout the waler column, primarily between
the 12 and 45 m isobathes and within 2-5 km of shore
(Barnatt @ al, 1984). Larvae are found in bays and
esluaries, bt are not abundan there (Leithiser 1977,
McGowen 1977, Nordby 1982, Wang 1988). Small
juveniles are found just oulside the surl zone and n
estuaries and bays (Haaker 1975, Plummer et al. 1983,
Kramer and Hunter 1887, 1988). Adulis and older
juveniles occur nearshore, with larger and okder
individuals occurring deeper (o about 60 m depth)
(Haaker 1975, Plummer et al. 1983). Adulls are
normally found at 6-40 m depths (Ginsburg 1952, but
canbe lound te 183 m{Eschmeyer el al. 1983), Adulls
may be abundant in the surl zone during the spring as
thay pray on spawning California grunion (Leurasthes
tenwis) (Fitch 1958).

Substrale: Juveniles and adulis prefer sandy botioms
(Eschmeyer ef al. 1883}, but are also common near
rocks, sand dollar beds, and in channels entering
coastal embayments (Fitch and Lavenberg 1971).

BhysicaliGhemical Charactarislics: The California
halbut is found nwater tlemperatures of 10-25°C, with
a praflerence for 20.8°C (Ehrlich et al. 1979). Young
halibut {subyearlings and yearfings) are eurytharmal,
but older halibut appear tobe stenothermal (Kucas and
Hassler 1986). Eggs, larvae, and adulis are found in
euhaline waters, bul juveniles ollenoccur incligohaline
o euhaling conditions (Haaker 1975, Allen e al. in
prep.). Juveniles are relatively lolerant of reduced
dissalved axygen and increased waler lemperalures
(Waggoner and Feldmeth 1971).

Migrations and Movemenls: Larvae occur in a coastal
band from San Francisco 1o southern Baja California
{Ahistrom and Maser 1975). They apparently settheout
in shallow water areas on the open coast and also in
bays and estuaries, placing the newly-settied uveniles
in or near their rearing habdatl (Frey 1971, Haaker
1975, Plummer ef al, 1883, Kramer and Hunter 1988).
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California halibut continued

Primary setilement fimes are from Febeuary to August
(Kramear and Hunter 1988). Juveniles reside in bays
and estuanes for abowt 2-3 years and then emigrate
oul lo shallow open coastal waters, Males are about 20
cm and females 25 cm in englh when they migrate
{Haaker 1975). Subadulls and adults generally show
vary limited along-shore movements (Ginsburg 1852,
Haaker 1875); only afew individuals have shown large
migrations (Fitch and Lavenberg 1971). Adulls move
into shallow coastalwaters (4-6 mdeap) in early speing
o spawn (Ginsbung 1952, Haaker 1975). Juvaniles
and adults lie partially buried in the sediments when
inactive (Allen 1982).

Reproduction

Mode: The California halibutis gonochoristic, oviparous,
and iteroparous. M is a broadcast spawner and eggs
are ledilized externally,

Mating'Spawning: From [arval abundance information
il appears that some Spawning may oocur year-round,
with masi spawning from Januany o Augusi (Ahlstrom
and Moser 1975, Wang 1386). In southem Calilormia,
spawning oocurs from February o July, peaking in
May. The acieal depth of spawning is unceriain (Allan
1988), but 5 known 10 occur over sandy substrates
(Ginsburg 1952, Frey 1971, Feder ot al. 1974, Haaker
1975 ). Successiul spawning likely occurs along the
coastal zone from San Francisco Bay to Magdalena
Bay, CaMornia, and probably in the Gulf of California
{Ahlstromand Moser 1875, MBC Applied Emdronmental
Sciences 1887),

Eecundity: Small halibut [55.9-61.0 cm long) produce
400,000 eggs every 7 days; large halibut (>114.3 cm
long) produce probably 1 millisn egos per day whan
spawning (A. Lavenbarg, Los Angeles Museum of
Natural History, Los Angeles, CA, pers. comim.).

Growlh and Development

Egg Size and Embryonic Development: Calfornia
halibut eggs are 0.74-0.84 mmindiameter (&hlstrom et
al. 1984). Embryonic development is indirect and
external; eggs hatch approximately 2 days alter
ferilization at 16°C.

Age and Size of Larvae: Larvae are 2.0 mm long at
haiching (Ahlstrom and Mosear 1875, Ahlstrom et al.
1984). The yol-sac is depleled about 6 days after
halching (Gadomski and Petersen 1988). Time lo
solflemen is 5-6 weeks al 16°C (Gadomski and
Pelarsen 1388), or 20-29 days at 18.3-21.9°C (Allen
1982). Metamonphosis oocurs at a length of 7.5-
9.4 mm.

Juvenile Size Aange: Juveniles range in length from
0.8-43.0 cm.

Age and Size of Adulls: Seme males mature as small
as 20 cm in kength (2-3 years), while femakes begin
maturing al 37.5 cm (4-6 years) (Roedal 1953, Fitch
and Lavenberg 1971, Fray 1971, Haaker 1975). This
gpacias is estimated lo grow 3.8-B.8 cmiyear and live
1o 30 years, with lemales growing faster andlargerihan
males (Frey 1971, Haaker 1975, MBC Applied
Environmental Sciences 1887, Reed and MacCall
1288). The largesl Califormia halibul reporedwas 1.5
m tofal lengih (TL) and 33.6 kg (Miller and Lea 1572,
Squire and Smith 1977, MBC Applied Environmental
Sciences 1987).

Food and Feeding

Irophic Mode: Larvae, juveniles, and adulls are
camivorous, probably teeding primanly during the
daytime. Inilially, ihe California halibut feeds on small
imvertabratas, then swilches tofead almost axclusively
on fish as if grows (Haaker 1975). This specios is an
ambush feedar that locates pray by sight and possibly
via the lateral ling (Haaker 1975, Allen 1982, Hobson
and Chess 1987).

Food tems: Larvae most likely leed on plankion. Small
juveniles feed on crustaceans (mysids, shrimp,
gammand amphipods, harpacticoid copepods), squids,
ociopus, and fish (gobies, killifish, and others). Large
juveniles and adulls consume prmanty fish (Haaker
1875, Allen 1982, Robers et al. 1982, Plummer &l al.
1983, Allen 1988); the nofthern anchowy [Engrauiis
mordax) is the most commen fish eaten. Dther fishes
galen by the California halbut include sardines,
atharninids, sciaenids, gobles, embiolocids, and othar
Haifishes [(Quast 1968, Alen 1982). Amow gobles
[ Clevalandia jos) are panicularly Important prey for
juverile habbut reanng in estuares and bays (Haaker
1975).

Blological Interactions

Pradation: Sea lons eal Calilornia halibul caught in
trammel nets (Fitch and Lavenberg 1971). Ciher
predators include Pacific angel shark (Squating
calornica), Pacific electric ray | Torpedo caffornica),
larga Caliiomia hakbul, and bottlenose dolphin( Tursiops
fruncatus) (Fiteh and Lavenbarg 1971, Frey 1971,
Fader el al. 1974). Parasiles [both external and
internal) commaonly attack this species; infestation rates
incroasa with age and size of fish (Haaker 1975).
Parasiles include isopods, copepods, nemalodes,
trematodes, and cesicdes (Haaker 1975).

Eactors Influencing Populations: Although landings
have increasod since 1972, historical reconds indicate
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an overall deckne in the population of California halibut
{Plummer @ al. 1583). Landings have fluciuated
widely, but are presanily about 25% of those of 1820
{Frey 1971, MBC Applied Environmental Sciences
1887). The population decline may be a result of large-
scale changes in the maring environment, overfishing,
alterations and destruction of esiuarine habitat, or a
shilt in population cenlers (Plummer et al. 1883).
Poliution, (e.g., waler soluble ractions of crude oil) can
reduce hatching success, reduce size of larvae al
hatching, produce morphological and anatomical
abnormaliies, and reduce leeding and growth rates
(MBC Applied Erwironmental Sciences 1987). Inifiation
ol leeding by larvas appears crtical for larval sunvival
(Gadomski and Pelersen 1988). Natural production
has recently baen augmented by halchary production
(Crooke and Taucher 1988). Substantial genetic
variation batween two populations of California hasbut
in the southern California Bight suggests that the
natural populationis subdivided (Hedgecock and Barley
1988). Wide fluctuations in young-ol-the-year
recruitment exisl, bul no exad causse has beenidantlied
(Allem 1388). Scuthern Calfornia esfuaries and
protecied shallow walér habitals play a critical role in
ihe Ee history of this species.
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Diamond furbot

Adult

Common Mame: diamond lurbot

Scientilic Name: Hypsopsetta guifulala

Other Common Mames: diamond flounder, turbot,
halibut, sole (Gates and Frey 1974)

Classification (Robins 1 al. 1980)

Phylum: Chordata

Class: Osteichthyes

Drder: Pleuroneclifiormes

Family; Pleuronectidae

Value

Commercial: The diamond turbot is of lile commercial
value because of its small size. | 5 usually included
with ather turbols when reponting calch (Baxter 1560,
Bane and Bane 1971). It has a shght iodine flavor, but
is axcellent eating (Baxter 1960, Feder et al. 1974).

Becreational: The average weight ol a spor-caught
fish is 0.6 kg. N is caught year-round, with bays and
astuanes (e.q., Newpor andMissionbays inCalifornia)
providing the bast fshing (Squire and Smith 1877).

Indicatorof Envirsnmenial Siress: This species appears
1o be dependent anbays and estuanes, thus population
sizes and lish health may reflact the condition of thesa
systems. It is a target species of the National Status
and Trends Program (Ocean Assessments Division
1984).

Ecological: The diamond turbot is often the dominant
ltatfish in southern Calfornta bays and estuaries (Lane
1975).

Range
Overall: The diamond turbot is found from Magdalena
Bay, Baja California lo Cape Mendocing, Calitornia.

There is also an isolated population in the Gull of
Calitornia (Miller and Lea 1972)

Wilhin Study Areq: This species is common toabundant
in nearshore coasial bays and estuaries from the
Tijuana estuary 1o Tomales Bay, Calilomia [Table 1)
(Ghapman 1963, Aplin 1967, Bane and Bane 1371,
Fierstine et al. 1973, Lane 1975, Allan 1976, Caillat el
al. 1977, Hom and Allen 1981, Noah 1985, Zedler and
Mordby 1986). Il is also found adiacen to kelp beds
{usually buried in sand or near solid objects) betwean
the 1.2-18.2 m isobaths (Feder ef al. 1974).

Life Mode

Eggs and larvae are pelagic (McGowen 1577, Wang
1986), Juveniles and adults are benthic or demersal
(Lane 1975,

Habitat

Iypa: Eggs and larvae occur in estuanes (Eldridge
1877, McGowen 1977, Wang 1986) and shallow coastal
waters, usually within 2km of shora (Barnett of al
1884). Juveniles and adults are found inbays, estuanes
and sloughs, and nearshore coastal watars down 1o
1524 m, bul prefer depths <4.6 m (Roedel, 1953,
Miller and Lea 1972, Fitch and Lavenberg 1875, Squire
and Smith 1977, Eschmeyer &1 al. 1983).

Subsirale: Eggs and larvae are lound over vanous
substrates, and juveniles and adults are found on sand
and mud botioms {Federet al. 1974, Lane 1975, Squira
and Smith 1977).

i i istics: Eggs and larvae
arefound in euhaline-polyhaling waters, while uveniles
and adult eccur in euhaline-masohaline conditions.
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Diamond furbal contintred

Table 1. Relative abundance of diamand turbot
in 32 U.S. Pacific coast estuaries.
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The maximum salinity iolerated by juveniles and adulls
is B0%. (Carpelan 1961). Juveniles and adults are
probably eurythermal; upper lemperature limils ane
unknown. Densities of eggs and larvae wera positivaly
correlated with distance from thermal plant discharge
and dissolved oxygen, and wera negatively correlated
with temperature and light extinclion coefficients
(McGowen 1977).

Migrations and Movements: Larvae appearto seltleon
sandy sediments in the shallow walers inor near bays
and estuaries (Lane 1975). Once individuals are in a
bay, they do not appear o move widely. However, a
general movement of larger fish to lower portions ol
bays and estuaries is indicated and adults appear o
move out of bays and estuaries lo spawn (Lane 1975).

Reproduction

Mode: The diamond turbot is gonocharistic, oviparous,
and ileroparous; eggs are ledilized axternally. It
probably a broadcast spawner.

MatingSpawning: Larval distributions and abundances
indicale thal spawning occurs all year with a winter
peak (depanding on arga) (Fitch and Lavenberg 1875,
McGowen 1977, Wang 1986). Spawning has baen
recorded during September-February near Anaheim
Bay (Lane 1975, Gadomski and Petersen 1988), and
June-Ociober near Richardson Bay, San Francisco
Bay (Eidridge 1975, Eldridge 1977). The diamond
turbal may have a specific lemperature prederence for
spawning. Thistemperature probably occurs in winter
in southem California (14-16°C) (McGowen 1977,
Walker e al. 1987), and spring and summer near San
Francisco Bay.

Eecundity: Unknown.

Growth and Development

Egg Size and Embryonic Developmeni: Eggs are
spherical, ranging in diameter from 0.78-0.90 mm,
averaging 0.84 mm(Eldridge 1875, Sumidaet al. 1979,
Wang 1986). Embryonic development is indirect and
external

Larval Size Ranga: The yolk-sac is depleted in 5 days
al 17°C (Gadomski and Petersen 1888). The larval life
stage lasts at least 5-6 weeks at 16°C (Gadomski and
Petersen 1988). Larvae average 1.6 mm standard
length (SL) at hatching, and grow 7-8 mm before
metamarphosis (about 11.0 mm leng) (Eldridge 1975,
Sumida et al. 1979, Gadomski and Pelersen 1988).

Juvenile Size Range: Juveniles setile out of the waler
column al metamorphosis (about 11.0 mm 5L (Eldridge
1975, Sumida at al. 1979, Gadomski and Pelersen
1988).

Age and Size of Adulls: Females mature in 2-3 years
(about 180 mm TL). The largesi diamond iurbol
reported was 46 cm TL and the heaviest was a
approximately 0.9 kg (Baxter 1960, Miller and Lea
1972, Fitch and Lavenberg 1975). Individuals 30.5-
38.1 em long are probably 8-9 years old (Fitch and
Lavenbarg 1975).

Food and Feeding

Trophic Mode: Larvae are plankiivorous and juveniles
and adults are camivorous. Juveniles and adults
appearto feaed diumnally, foraging on or inthe subsirale
{Lane 1975). Adull and juvenile diamond turbol in
Anaheim Bay, California, consumed 3.76% of thew
body weight each day (Lane et al. 1979),
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Eood Nems: Larvae probably eal zooplanklon and
phyloplankion. Juveniles and adulis cansume
polychaetes, clams and clam siphons, gastropods,
ghost shrimp (Callianassa spp.), amphipods,
CumMAaceans, vanous crustaceans, and small izh [Fich
and Lavenberg 1975, Lane 1975). Large diamond
lurbot (225g) eat more molluses, fish, and
crustaceans than smalier turbat (Lane 1975).

Biological Interactions

Predation: Predators probably include the Pacific
electric ray ( Tarpedeo californica), Pacific anged shark
{ Squatina californica), and other large piscivorous fishes
(Fitch and Lavenberg 1975). Birds (such as herons)
and cormoranis (Phalocrocorax spp.) are also

predalors,

ing: The diamond lurbol
population in San Francisco Bay increases in
abundance during wet years {Armor and Hemrgesell
1985, California Department of Fish and Game 1887).
Mortality rates for 1- and 2-year-old fish are vary high
{Lane 1875), and many adulls apparenily die after
spawning (Lane 1975). Few adulls live beyond 2 years
in Anaheim Bay (Lane 1975). For larvas, the cnset of
initial feeding is important for their sunnval (Gadomski
and Petersen 1988). The diamond turbot is depandent
on bays and estuaries, hence the health of these
habitats is critical to this species” survival.
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English sole

Pleuranectes velulus
Juvenile

1em

Common Mame: Englsh sola

Scientilic Name: Plauronectes(or Paropliys) velulus
A recent review of the family Pleuronactidae indicates
that this species may belong tothe genus Pleuronectes
(Sakamoto 1984)

Cther Common Mames: California sole, leman sole,
common sole, pointed nose sole, shamp nose sola
(Washington 1977)

Classification (Sakamoto 1984)

Phylum: Chordala

Class: Osteichthyes

Crder: Pleuronactiformes

Family: Pleurcnachdae

Value

Commercial: The English sole is a moderately imponant
commercial fish, which is captured primarily by trawls.
Ower 2,500t were landed inthe U.S. in 1986, primarily
inWashington and California | Pacific Maring Fisharnas
Commission 1987), It is the most abundant flatfish
species in Puget Sound, Washington (Pedersen and
DiDonato 1882). Females dominate the commercial
catch because males rarely grow to marketable size
(Pedersen and DiDonato 1982). The English sole has
an “icdine” tasie which some people praler and is
marketed as fillels of sole (Clemens and Wilby 1861,
Harl 1973). his second anty to Dover sole ( Microstomus
pacificus) inllatfish pounds landed on the Pacific coast
(Pacific Marine Fisherigs Commission 1387).

Becreational: This is not an imponant recreational fish,
although it is caught on hook and line by boal, shora,
and pier anglers. Boal anglers caught over 1,400 in
Washington waters in 1984 (Hoines et al, 1984).

Indicator of Environmental Stress: This species often

accumulates contaminanis and is a larget species for
the National Statws and Trends Program (Ocean
Assessments Division 1984). The English sola
apparently develops cancerous tumors as a result of
exposura 1o contaminants (Malins &l al. 1583). Threa
types of superficial papilomas have been idenlified
from subyeariing English sole; all three appear o
cause substantial moralty, Tumars and Iiver lesions
may be caused by exposure lo contaminanis such as
aromalic hydrocarbons (Krahn e al, 1986, 1987),

Ecological: The English sole is a very important flatfish
in shabow-water, soft-bottiom marine and estuarine
environments alongthe Pacihic coast (Westrheim 1955,
Washington 1977, Hogue and Carey 1982, Krygiarand
Pearcy 1885).

Range

Drvarall: This specees’ overall range is from ceniral Baja
Calilornia, Mexico fo Unimak Istand, Alaska (Mar 1973).
INis mast abundant nonh from P, Conceplion, California.

Within Study Area: Juveniles are found in all Pacific
coasl esiuares rom San Pedro Bay, Galilornia, 1o
Puget Sound (Table 1). However, Elkhom Slough,
California appears to be the mest southemn estuary
where they are abundant.

Life Mode
Eggs and larvae are palagic, while juveniles and adults
are demarsal (Budd 1940, Forrester 1969, Han 1973).

Habitat

Iype: Eggs are neitic and buoyant, but sink just balore
hatching (Har 1973}, Larvae are also pelagse and are
found primarily in waters <200 m deep (Laroche and
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Table 1. Relative abundance of English sole
in 32 U.5. Pacific coast esiuaries.
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Richardson 1979). Adulis are found in nearshore
coasial waters down to 550 m depth, but primarily in
dapths <250 m (Allen and Smith 1988). In Canadian
waters, this species is commercially abundant between
36 and 128 m depths (Forrester 1969). Juveniles
reside primarily in shallow-waler coastal, bay, and
estuanine areas (Wesirheim 1955, Keichen 1958, Van
Cleve and ElSayed 1969, Olson and Pratt 1973,
Pearcy and Myers 1974, Laroche and Hollon 1973,
Toole 1980, National Marine Fisheries Service 1981,
Krygier and Pearcy 1986, Rogers et al. 1988).

Substrate: Eggs are buoyant and larvae are pelagic.
Adulls and juveniles prefer soll bolloms composed of
fing sands and mud (Kelchen 1958). In Pugel Sound,
pveniles and adults prefer shallow (<12 m deep)
muddy subsirales (Becker 1884). Males show a

preference for fine sediments (Becker 1988).

PhysicalChemical Characlerstics: Adulls are found
primarily in marine (euhaling) waters. Juveniles and
larvae occur in polyhaline and euhaline walers.
Optimum conditions for larval survivalwerna found to be
salinities ol 25-28%. and lemperatures ol B8-8°C
{Alderdice and Fomrester 1968). No spawning occurs
at temperatures below approximalely 7.8°C (Jackson
1981). Temperatures »18°C appear o be the upper
thermaliolerance {reduced daily ration and growih) for
juvenile English sole (Yoklavich 1982). The upper
lethal Emit for this species is 26.1°C (Ames etal. 1978).

Migrations and Movements: Adults make limited
migrations/movements. Those off Washington and
British Columbia show a nonhward posl-spawning
migration in the spring on their way to summer leading
grounds, and a southerly movement in the fall (Garrison
and Miller 1982). Tagging studies have identified
separate stocks based on this species’ limited
movements and menstic characteristics (Jow 196%).
Tidal currents appear to be the machanism by which
English sole move into estuaries (Boehler and Mundy
1987); larvae are transported to nearshore nursery
areas (i.e., shallow coastal waters and esluarnes) by
these currents. Larvae metamorphose inlo juveniles in
spring and early summer and rear until lall'winler al
which lime most emigrate o deeper waters (Qison and
Pratt 1973). Although many postlarvae may sellle
outside of estuarnies, apparently most will enler estuarnes
during some pan of their irst year of lite (Gunderson et
al. 1980). Early- and lale-slage larvae undergo diel
vertical migrations (Misitano 1970, 1976). Thereis a
general movement o deeper walers as fish grow
{Ketchen 1956). Smaller fish tend to be restricted 1o
shallow waters, with larger fish more abundant in
deeper water (English 1967, Misitano 1970, Sopher
1974).

Reproduction

Kade: The English sols is gonochorstic, oviparous,
and deroparous; eggs are lerdilized exdemally (Garrison
and Miller 1982).

Mating/Spawning: Spawning occurs over sofi-botlom
mud subsirates al depths of 50-70 m (Ketchen 1956).
Spawningoccurs irom winlerto eary spring depending
on the stock: in Monterey Bay stocks, from January to
May, peaking in March or Apeil (Budd 1940); in Bodega
Bay-Point Monterey stocks, from December to April,
peaking January or February (Villadolid 1927, cited in
Garrison and Miller 1982); in Santa Monica Bay-Santa
Barbara Channel stocks, from December to April; in
Euraka-Oregon border stocks from Oclober 1o May
(Jow 1969); in Oregon stocks from January to April,
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peaking in February or March (Harry 1854); in Puget
Sound stocks, fromJanuary 1o April, peaking in February
of March (Smith 1836); in Hecata Strait, British Columbia
slocks, from late December to early April, peaking iin
February (Ketchen 1956).

Eecundity: Five- to six-year-old lemales (36-38 cm in
lengih) can produce about 1 million aggs, whike lange
fish {43 cm long) may produce nearly 2 million eggs
{Ketchen 1947, Harry 1959, Forrester 1989).

Growth and Development

Eoo Size and Embryonic Develcoment: Ferilized eggs
are spherical and average 0.88 mm in diameter (Orsi
1968). Embryonicdevelopment is indirect and extemal.
The plankionic eggs halchin 3. 5days at 12°C,or 11.8
days at 4°C (Alderdice and Forrester 1968).

Ageand Size ofLarvae: Ater hatching, larvae float with
thigir yolk sac up. Theyolk sacis absorbed in3-10days
{Orsi 1968), with the plankionic larvae taking from8-10
weeks 1o metamoarphose 1o benthic living juveniles
(Laroche et al. 1982). Larvae are 2.0-2.8 mm ftolal
length (TL) at hatching (Orsi 1968) and grow 1o 18-26
mm belore becoming uveniles (Misitano 1976, Gamison
and Miller 1982).

: Juveniles range in size from 18

Juvenile Size Ranga:
mm io about 26 cm long (depending on sex) (Harry
1858,

Age and Size of Adults; Some females mature as 3-
year-oids and 26 cm long, but all lemales over 35 cm
long are mature. Males malure earlier, beginning al 2
yvears and 21 cm in length. All males are mature al
lengihs =29 em (Harry 1950). In Puget Sound, all 2-
year-old males are malure, but most females do not
mature until they are 4 years old (Smith 1935).

Food and Feeding

Trophic Moda: Larvae are planktivorous. Juveniles
and adults are camivorous, apparently feeding primarily
during daylight hours (Becker 1984).

Food tems: Larvae probably eat different life stages of
copepods andother small planktonic organisms. Larvae
appeario have a strong preference for appendicularians
{Bolslord ef al. 1989). Juveniles feed on harpaciicoid
copepods, gammarid amphipods, cumaceans, mysids,
pelychaetes, small bivalves, clam siphons, and other
benthic inveriebrates (Simenstad et al. 1979, Allen
1982, Hogue and Carey 1982, Becker 1984, Bottom &l
al, 1384). Small juvenile English sole concantrate their
leeding on harpacticoid copepods and other apibenthic
crusiaceans until they reach approximately 50-65 mm
in length, then they swilch to feeding primarily on

polychaetes (Toole 1980). Off Oregon, adult English
sole leedon avariety ofbenthic organisms, but primarily
polychaetes, amphipods, molluses, ophiourcids, and
crustaceans (Kravilz ot al. 1976). English solo fead
primardy by day, using sight and smell, and sometimes
dig bor prey (Allen 1982, Hulberg and Oliver 1879).

Biclogical Interactions

Eredation: Larvae are probably eaten by langer lishaes.
A juvenile English sole’s main predators ane probably
piscivorous birds such as greal blue heron {Ardia
herodias), larger fishes, and maring mammals. Adults
may be eaten by maring mammals, sharks, and cther
large fishes. The English sole's sharp anterior anal
sg;}mr provide a defense against predators (Alan
1 ]

Eaclors Influencing Populations: Upwelling (and thus
water tempeératures) during the larval and spawning
penod alfects eventual recruitment (Kelchen 1956,
Kruse and Tyler 1983). Growth appears to be atfected
by upwelling (Kreuz et al. 1982) and cohor abundance
of age-1 fish (Peterman and Bradford 1987). Models
have been developed 1o entily oceanographic
conditions that influence Englesh sola recrusiment {Kruse
and Tyler 1983), bul il appearsthat numercus physical
and biclogical parameters combing fo control year-
ctass strangth (Botsford et al. 1589). Important
recruitment processas include the timing of spawning,
surface temperatures during larval development,
onshore transpod of larvae, and age- and dengity-
dependent growlh and mortality of juveniles and young
adults (Botsford et al. 1583). Al high population
densities, a myxosporidian disease can infect this
species and make its lesh “milky” (Hart 1973). Because
the English sole uses nearshore coastal and estuaring
waters as nursery areas (Krygier and Pearcy 1986,
Rogers et al. 1988), il is exposed 10 nUMenous 1oxic
materials which canresultina highincidence ol diseased
fishin some estuaries, Sincethis spacies refies heavily
o esluanes lfor reanng, the alteration and pallution of
esluaring habitals adversely aflects this species
(Gunderson et al. 1990).
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Starry flounder

Platichthys stellatus
Adult

Common Mame: slarry llounder
Sclentilic Name: Plalichthys stelialus

Other Common Names: Callomiaflounder, gindsions
flounder, greallliounder, roughjackel, diamondilounder,
sole, Nounder, emery llounder (Gates and Fray 1974,
Washington 1977)

Classification (Robins et al. 1280)

Phytum: Chondata

Class: Osteichthyes

Order: Pleuronectiformes

Family: Pleuronactidaa

Value

Commergial: The starry flounder is a moderately
imporant flatfish species landed by the Pacific coast
trawlfishery fromihe Bering Sea to Scuthern Calilornia.
From 1981 to 1983, an average of over 1,300 | wera
landed, of which 30%: were {aken by U5 fishermen,
Most ol the calch comas Irom Pugel Sound, Washington
{Pedersen and DiDonato 1982), and coastal areas of

Cregon and Washingion (Washinglon Depariment of
Fisheres 1885, Lukas and Carer 1387).

Recreational: This species is a fairly imponant spor
fish lor anglers from central Calfornia 1o Alaska. It is
fished year-round from boats, piers, and shore {Froy
1971) andis captured primarily in esluares and adjacent
near-shore shallow walers (Beardsley and Bond 1570,
Squire and Smith 1977, Wydoski and Whitney 1879).
Spor fishermen caught approximately 43,000 starry
flounders in 1985 {Mational Marine Fishedes Senvice
1886).

Indicator of Environmenial Stréss: This s a target
species lor the National Status and Trends Program
because i is common In esluaries and offen

10 em

EWI.LI:H.HEIES contaminants (Ocean Assessments
Division 1984).

: The starry flounder is the most abundant
flatfish in many Pacific coast esluaries north of San
Francisco Bay, Calilormnia (National Manne Fisherigs
Service 1981, Bottom el al. 1984, Pedersen and
DiDonato 1982). itis pray for manng mammals [Jefires
et al. 1984) and piscivorous Dirds.

Range

Ovacall: The starry flounder is distributed Arctic-
dreumboreal and found in the eastem Pacilic Ocean
from Sania Ynez River, Calilornia, north throwgh the
Bering and Chukchi Seas to Bathurst Inlel in Arclic
Canada. In the western Pacilic, it s found along tha
Kamchalka Peninsula south to Tokyo Bay, Japan
(Orcult 1950, Okada 1955, Wilimovshy 1964, Allen and
Smith 1988),

Within Study Area: This species is found in all study
area estuaries from Moo Bay, Calilomia (Croutt 1950),
narth through Washington (Table 1) (Monaco et al.

1980).

Lite Mode

Eggs and larvae are pelagic, while juveniles and aduhs
are demersal (Orcutt 1950, Gamisen and Miller 1982,
Wang 1988). The starry floundar is unusual in that
along the coasts of California, Oregon, and Washington,
5074 are rght-eyed and 50% are left-ayed, in Alaska
707% are lefl-ayed, and in Japan nearty 100% are left-
eyed (Orcutt 1950, Miller 1965, Policansky 1982a).

Habitat
Ivpe: Eggs are buoyant and found al the surlace in
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Starry llounder conlinued

Table 1. Relative abundance of starry flounder
in 32 U.S. Pacilic coast estuanas.
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nearshore marine walers [Orcutt 1950, Yusa 1857).
Larvae are plankionic and found primarily nearshore
{within 37 km) and in estuaries (Ekdridge and Bryan
1872, Waldron 1972, Misitano 1877, Richardson and
Pearcy 1977). Juveniles commonly invade far up
rivers (Moyle 1976), but appear to be esluarine
dependent. Adulis have been found in manne walers
to 375 m depth, but most are caplured at deplhs
<180 m {Fray 1971, Allen and Smith 1983),

=substrale: Eggs and larvae have no substrate
preference. Juveniles and adulls prefer solt botiom
types (mud, sand, gravel) but not rock (Oreult 1950,
Pedersen and DiDonato 1982).

EhysicalChemical Characierstics: Eggs are found in
euhaline 1o polyhaline waters. Larvae are primarily

euhaline, but may be found in polyhaline waters,
Juveniles preferbrackishbays (meschaling) (Pedersen
and DiDonato 1982, Simenstad 1983), bul also occur
in fresh water. Adulls occur primarily in eyhaling and
mesohaling waters, but are somatimas found in frash
water (Hart 1873, Garrison and Miller 1982). This
species is found atl water temperatures from 0.0 10
21 5°C. Temperalures =28.0°C are lethal |Stober
1973).

Migrations and Movemnanie: The starry flounder does
nol migrate extensively (Pedersen and DiDonato 1582).
However, tagging studies have shown that thare is
some movement aklong the coast (Westrheim 1955).
also has seasonal bathymelric migrations probably
related 1o spawning, Adults move inshore during
winter and early spring and ofishore during summer
and fall, Juveniles move lar up inlo rvers, but as thay
mature they lend to reside in estuaries (Morrow 1580)

Reproduction

Mode: The starry iounder is gonocharistic, oviparous,
and ileroparous; eggs are lerilized externally (Orcutl
1950).

MatingSpawning: Spawning ocours near river moulhs
and sloughe in shallow water (<45 m deep) (Oreutt
1950, Garison and Miller 1982), apparently al water
temperalures of 11°C (Alaska Dapariment of Fish and
Game 1986). Spawning may occur in and outside of
San Francisco Bay (Eldridge 1977, Wang 1986).
Spawning fakes place primanly from winler o early
sping, depending on area: November lo January near
Elkharn Slough (Orcutt 1950), and February to April in
Puget Sound and British Columbia (Smith 1536, Harl
1973).

Fecundity: Fecundities range from 300,000 to over 11
milion eggs per female, depending on lemalo size
{Orcutt 1950, Garmizon and Miller 1882).

Growth and Development

Egg Size and Embryonc Development: Eggs are
spherical and 0.89-1.28 mm in diameter {Orcutt 1950,
Yusa 1857, Gamison and Milker 1982). Embryonic
developmen! is indirect and external. Eggs hatch in

2 8-14.7 days, depending cntemperature {Orcutt 1850,
Yusa 1957).

. Mewly hatched larvae are
1.93-2.08 mm long (Orcult 1950) or 2. 58-3.36 mm long
(Yusa1957). Larvaelake 39-75 days to metamorphose
to bottom-dwelling postlarvae (Policansky 1982b).
Metamorphosis occurs when farvae are 6.6-7.7 mm
long (Pobcansky 1982h),
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Starry Nounder comntinued

' : Juveniles range in size from
approximately 7 mm (Policansky 1982b) to 17-30 cm
long, depending on sex and location (Orcutt 1850,
Campana 1384).

:Males mature in 2 or 3 years at
17-30 cmin length, while some females matura in 3 or
4 years al 23-35 cm; all females are mature after 4
years (Orcult 1850, Campana 1884). The maximum
ages reported for males and females are 24 and 17

yiars, respectively (Campana 1984), and tha maximum
gize 15 91 om {17 kg} (Orecutt 1850, Hart 1973).

Food and Feeding

Trophic Mode: Larvae are plankfivores. Juveniles and
adulls are benthically-odented carniveres (Orcutt 1950).
Adults do nol lead duning the spawning perod and
juveniles and adulls apparently cease leeding in cold
temperatures (probably <5°C) (Orcult 1950, Miller
1965).

Eood iems: Larvae eal phytoplankion and zoopiankion.
Small juveniles (<100 mm long) eat copepods and
other small crustaceans. Larger juveniles and adults
eal amphipods |Corophium spp. and Ecgammarus
spp.), isopoeds, decapods (Crangon spp. and Cancer
spp.). polychaetes, bivalves | Siligua spp., Mya arenaria,
Macoma spp..and Yoldizspp.), echinoderms ( Ophiura
spp. and Diamphiodia craterodmela) and cocasionally
fish[e.g., northem anchovy { Engraulis mordax)] {Orcutt
1950, Miller 1965, Bane and Bane 1971, Jewet! and
Feder 1980, McCaba at al. 1583).

Biological Interactions

Predalion: The starry flounder is eaten by birds [great
blue heron (Ardea herodias) and cormorants
{Phalacrocorax spp.)] and maring mammals [harbor
seal (Phoca vituling) and sea lions] (Simenstad e al.
1978, Jeffries et al. 1984). To reduce predation,
juveniles and adulls will cover themselbves wilh sand or
mud and change theircolor o mateh the bottom {Orcutt
1850).

Eaclors Influencing Populations: Contaminanis can
imipair reproductive success (Whipple et al 1978, Sples
el al. 1985) and may cause fin erosion disease and
lethal skin lwmors (Wedlings el al 1876, Campana
1583). Endoparasitic llukes and monogenetic
irematodes have been found on the gills (Bane and
Bane 1871). Population sizes are probably greatly
influenced by egg and larvae survival (Norcross and
Shaw 1984), Hanrvesting by commercial and recraational
fisherman may affect populatonsizas. Since juveniles
are found almost exclusively in estuaries, alteration
and destructionof estuarine habitatundoubtedly alfects
this species population.
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ABYSSAL ZONE—Ocean bottom at depths between 4,000 and 6,000 m,
ABYSSOPELAGIC—Living in the waler column al deplhs betwean 4,000 and 6,000 m; the abyssopelages zone,

ADDUCTOR MUSCLE=—A muscle that pulls a part of the body toward the median axis of the body. In bivalve
molluscs, this musche is used o close the shell halves and hold them togeiher,

ALEUTIAN PROVINCE—A zoogeographic designation for the area of coastal faunal distributions thal, based on
mEnimum femperature requirements, extends from Pugel Sound, Washington, 1o the Bering Strait, Alaska.

ALEVIN—Tha larval slage of trout and salmon thal feeds on lis yolk sac and lives undar gravel.

ALGAE—A collactive, or genaral name, appiad to a numbar of primarily aquatic, photosynthetic groups (taxa) of
planis and plant-Bke protists. Thay range in size from single calls to tange, muliceliular forms like the giant kelps.
They are the food base lor almost all manne animals. Imporant laxa are the dinoflagellates (division Pymmophyia),
diatoms (div. Chrysophyta), green algae (div. Chlorophyta), brown algae (div. Phasophyta). and red aigae (div.
Rhodaphyta). Cyancbactena are offen called biue-greanalgae, althawgh blue-green bacteriais a preferable term,

AMPHI-NORTH PACIFIC—A population distribution where a species is distibuled on the east and west nms of
the Pacific Ocean, but not on the nonhem rim,

AMPHIPODA—AN order of laterally compressed crustaceans with tharacic gilis, no carapace, and simélar body
segments. Although most are <1 cm long, they are an impofan! component of zooplankion and benihic
inveriebrale communities. A few species ans parasitic.

ANADROMOUS—LHe cycle whare an organism spends most of its lile in the sea, and migrates to frashwater 1o
SpEWn,

ANTHROPOGENIC—Reders to the effects of human activities.

ARCTIC REGION=—Tha ocaans north of tha 0°C winter isotherm. Along the Pacific coast, this commesponds to lat.
E0" M in the Bering Sea.

AREAL—Reafers {0 8 measure of area,

ASCIDIAN—A tunicate (class Ascidiacea) that has a generalized sac-ike, cellulose body and is usually aftached
to the substratum.,

BATHYAL—The zone of ocean bottom at depths of 200 to 4,000 m, primarily on the continental slope and rise.
BATHYMETRIC—A depih measurement. Also refars o a migrafion from waters of one depth to ancther.
BATHYPELAGIC—Ocean depths Irom 1,000 to 4,000 m.

BENTHIC—Pertaining to the bottom of an ocean, lake, or river. Also refers 1o sessile and crawling animals which
resida In or on the botiom.

BIGHT—An imvard bend or bow in the coasiiing.

BIOMASS—The total mass of living lissues (wel or dried) of an organism or collection of organisms of a species
of trophic level, from a delined area or volume,
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BIWVALVIA—Bilaterally symmetrical molluzcs (also referred to as Pelecypoda) thal have two [ateral calcareous
shedls (valves) connecled by a hinge ligameant. Thay are mostly sedantary filler feeders. Thisclass includes clams,
gystars, scaliops, and musseks.

BOREAL REGION—The oceans of the northern hemisphere between the 0 and13°C winter isolharms. In naritic
watarsof western North America, it extends from Point Conception, California, 1o the southern Bering Sea, Alaska,

BRANCHIAL—A structure or location on an organism associated with the gills.

BRYOZOA—Minute, moss-like colonial animals of the phylum Bryozoa,

BYSSAL THREAD—A it of filamant, chamically similar to silk, thal atlaches cerlain molluscs 1o substrates.
CALCAREQUS—Composed of calcium or calcium carbonate. _

CARNIVORE—AR animal that feeds on the flesh of other animals. See PARASITISM and PREDATION.
CESTODE—A parasitic, ribbon-like warm having no intestinal canal; class Cestoda (e.g., lapeworms),
CHEMOTAXIS—A response movemeant by an animal either loward or away from a specific chemical stimulus,
CHORDATA—aA phylumof animals which includes the subphyla Venebrata, Cephalochordata, and Urochordata.

Al some stage ol their e cycles, these organisms have pharyngeal gill slits, a notochord, and a dorsal, hollow
merve cond.

CILIA—Hair-like processes of cenain calls, often capable of rhythmic beating thal can produce locomotion or
lacilitate the movemnent of fluids.

CIRRI—Flexible, thread-like tentacles or appendages of cenain organisms,

CLINE—A series of differing physical characteristics within a species or population, rellecting gradients or
changes in the emnvironment (e.g., body size or color).

COLONY—A group of organisms living in close proximity. An invertebrate colony is a close association of
individuals ol a species which are often mutually dependent and in physical contact with each other. A verlebrate
calany is usually a group of individuals brought 1ogether for breeding and rearing young.

COMMENSALISM—A redationship between two species, where one species benefils withoul adversely affecting
the othar.

COMMUNITY—A group of plants and animals living in a specilic region under relatively similar conditions. Further
rastrictions are often used, such as the algal community, tha invertebrate community, the benthic gastropod
cammunity, alc.

COMPETITION=—Two types exist - inlerspacilic and infraspacilic. Interspecific competition exists when two or
MOre SPEciEs use one of more imitad resources such as lood, attachment sites, profective cover, or dissolved
lons. Inraspecidic compelfion exist when individuals of a single species compeate for limited resources needed
for survival and repreduction.  This form of competition includes the same resources involved in interspecific
competition as well as mates and territories. It is generally more intense than inferspecific competition becausa
resource needs are essentially identical among conspecifics. See NIGHE.

CONGENER—Referring 1o members of the same genus.

COMNTINENTAL SHELF—The submerged continantal land mass, not usually daeper than 200 m. The shall may
axtend from a few mibes olf the coastling 1o soveral hundred miles.
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CONTINENTAL SLOPE—The steeply sloping seabed that connecls the continental shelf and continental risa.

COPEPODA—A subckass of crustaceans with aboul 4, 500 species, including several specialized parasitic orders,
The tree-living species are small (one 10 several mm) and have cylindrical bodies, one median eye, and bwo kong
antennae. One order is plankionic (Calanokda), one is benthic [Harpacticolda), and one has both plankionic and
benthic species (Cyclopoida). In mosl spacies, Ihe head appendages form a complex apparatus used 1o sweep
im and possibly filer prey (especially algae). Thoracic appendages are used for swimming or crawling on the
bottom. One of the most abundant group of animals on earh, they are a major link in aquatic food webs.

CREPUSCULAR—Relates to animals whose peak activily i during the twilight hours of dawn and dusk.

CRAUSTACEA—A large class ol over 26,000 species of mostly aguatic arthropods having five pairs of head
appendages, including laterally opposed jaw- ke mandibles and two pairs of antennae, Mosthave well-davalopod
compound eyes and variously modified two-branched body appendages. The body segments are often
differentiated into a thorax and an abdomen. Some common members ara crabs, shrimp, lobslars, copepods,
amphipods, isopeds, and barnaches.

CTENIDIA—The comblike respiratory apparatus of molluscs.

CTENOPHORA—A phylum of mastly marine animals that have oval, jellylike bodies bearing eight rows ol comb-
like plates that aid swimming (e.g., clenophores and comb jellies).

DECOMPOSERS—Bactaria and fungi that break down dead organisms of all lypes 1o simple moleculas and ions.

DEMERSAL—Refers to swimmang animals that live near the botiom of an ocean, river, or lake. Often refers 1o
eggs that are denser than water and sink to the botlom after baing laid.

DEPOSIT FEEDER—~AR animal that ingest smal organisms, organic paricles, and deirius Irom soft sediments,
or lilers organisms and detritus from such substrates.

DESICCATE—To dry completaly

DETRITIVORE—AnR organism that eals small iragments of partially decomposed organic material (detrifus) and
its associated microflora. See DECOMPOSER.

DIATOMS—Single-cefled protisian algae ol the class Bacillariophyceae that have intricate siliceous shalls
composed of two halves. They range in size from about 10 1o 200 micrens. Diatoms sometimes remain attached
after cellular divisions, forming chains or colonies. These are the most numerous and important group of
phytoplankiers in the oceans, and form the primary food base for maring ecosystems.

DIEL—Reters 1o a 24-hour activily cycla based on daily periods of light and dark.

DIMORPHISM—A condition whare a population has two distinet physical forms {marphs). In sexual dimarphism,
secondary sexual charactenstics are markedly different (e.q., size, color, and behavior).

DINOFLAGELLATE—A plankionic, photosynthetic, unicellular algae that typically has two flageiia, one baing in
a groove around the cell and the other extanding from the center of the call,

DIRECT DEVELOPMENT—See EMBRYONIC DEVELOPMENT.

DISPERSAL—The spreading of individuals throughout suitable habitat within or outside the populaticen range. In
a more restricted sense, 1he movement of young animals away from their point of origin 1o locations where they
will live at maturity.

DISSOCHONCH—The adull shell secreted by newly-settied clam larvae or plantigrades.
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DISTRIBUTIOMN=—{1) A species distribution is the spatial pattem of iis population or populations over As
geographiz range. See RAMNGE. (2) A population depth distribution is the proportion or number of all individuals,
or those of various sizes or ages, at diferent depth strata. (3) A population age distribution is the proportions of
individuals in various age classes. (4) Within a population, individuals may be distributed evenly, randomdy, or in
groups throughou! suitable habitat,

DIURNAL—Realers o daylighl aclivities, or organisms most active during daylight. See DIEL

ECHINQDERMATA—A phylum of radially-symmeinical maring animals, possessing a water vascular system, and
a hard, spinmy skeleton (e.g., sea stars, sea urchins, and sand dellars).

ECTOPARASITE—A parasite thal alacks (and usually attaches lo) a host animal or plant on the oulside. Feeding
pariods and/or attachment time may be brief compared 1o intemal (endo-) parasiles.

EELGRASS—Vascular flowaring plants of the genus Zostera that are adapted 1o living under waler whila rooted
in shallow sedimanis of bays and estuaries.

EL NINO CURRENT—ARN intermittent warm water current from the tropics thal overrides the opposing cold current
along the Pacilic coasts ol Norh and South America (see GYRE). This raises near-suriace lemparalures,
deprasses the thermocline, and often suppresses upwelling, resulting in drastic drops in primary productivity and
reduced recruitment of marine animals. This i most pronounced on thie coast of Peru. Effects ane nol as saverg
in Worh America, but noribward shifts in distributions of “southern”™ spacies are common in El Nifo years.
EMBRYOMNIC DEVELOPMENT—The increase in cell number, body size, and compiexily of organ systems as an
individual develops from a lenilized egg until hatching or binh. In direct development, Indhaduals at bifh or
hatching are essantially maniatures of e adults. In indirect devaelopment, newly hatched individuals differ greally
from the adult, and go through periodic, major morpholegical changes (larval stages and metamorphosis) before
becoming a juvenila.

EMIGRATION—A movement out of an area by members of a population. See IMMIGRATION.
ENDEMIC—Refers 1o a species or taxonomic group that is native to a particular geographical ragion.
EPIBENTHIC—Localed on the bolliom, as opposed 10 in the bottom.

EPIDERAMAL—Refers 1o an animal's surface or outer layer of skin,

EPIFAUNA—ARIMals living on the surface of 1he boltom,

EPIPELAGIC—The upper sunlit zone of oceanic waler where phytoplankton live and organic production takes
place (approximately the top 200 m). See EUPHOTIC.

EPIPHYTIC—Refars 1o organéisms which lve on the surface of a plant (2.9., mossas growing on (rees)
EPIPODAL—A structure or location associated with the leg or foot; typically reders to arthropod anatomy,
ESCARPMENT—A sieap siope in lopography, as in a cliff or along the continental slope.

ESTUARY—A semi-enciosed body of waler with an open connection to the sea. Typically there is a mixing of sea
and fresh water, and the influx of nutrients from both sources results in high produdivity.

EUHALIME—Waler with salf concentralions of 30-40°%..

EUPHOTIC—Refers to the upper surface zone of a waler body where light penetrales and phytoplankion {agae)
carry oul photosynthesis. See EPIPELAGIC.
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EURYHALINE—Raters to an organism that is lelevant of a wide range ol salinities.
EURYTHERMAL—Realers to an organism that s tolerant of a wide range of lemperatures.
EXTANT—Existing or living al the present lime, not extinc.

FALUNA—AIl of the animal species in a specified region.

FECUMNDITY—The potential of an organism to produce ofispring (measured as tha number of gameles). See
REPRODUCTIVE POTENTIAL

FILTER FEEDER—Any organksm that fiers small animals, planis, and datritus from water or fine sediments for
tood. Organs used for filtering include gills in clams and oysters, baleen in whales, and specialized appendages
in crusiaceans and mMaring Wworms.

FINGERLING—Refers 1o a small juvenile fish (often a salmonid) that is about 100 mm long.

FLAGELLATE—Relers to cells thal have molility organafigs or microorganisms thal possess one or more
lagelium wsed lor lncomalion.

FLORA—AIl of the plant species in a specified region

FOOD WEB (CHAIN}—The leeding relationships of several lo many species within a community in a given area
during a particular time peried. Two broad types are recognized: 1) grazingwebs involving producers (8.9, algas),
herbivores (e.g., copepods), and various combinations of camivores and omnivores, and 2) detrilus webs
irvolving scavengers, detrifivores, and decomposers that feed on the dead remains or organsms from the grazing
wabs, as well as on their own dead. Afood chain refers lo arganisms on dilferent trophic lavels, while a food web
refars to a network of interconnected food chaing. See TROPHIC LEVEL.

FOULING—0ccurs when large numbers of plamts or animalks altach and grow on various structures (floals, pipes,
and pilings), often interfaring with their use. Fouling organisms include bamacles, mussels, bryozoans, and
SpONges.

FRESH WATER—Water that has a sall concentration of 0.0-0.5%..

FRY—Very young fish. For trout and salmon, they are young thal have just emerged trom the gravel and are
actively teeding.

GAMETE—A reproductive cell. When two gametes unite they form an embryonic cell (zygote).

GASTROPODA—The larges! class of the Phylum Mollusca. This group includes terrestrial snails and shugs as
wall as aquatic species such as whelks, turbans, limpets, conchs, abalones, and nudibranchs. Most have external
shells 1hat are often spiraled (but this has been los! or ks reduced In some), and move on a flal, undulating loot.
They are maslly herbivorous and scrape food with a radula, an ongan analogous 1o 8 tongue,

GOMNOCHORISTIC—Refers to a species thal has separate sexes (L.e., male and female individuals).
GROUNDFISH—Fish spacies thal five on or near the bottom, often called bottomfish,

GYRE—AR ocean current that foliows a clrcular or spiral path around an ocean basin, clockwise in the noriham
hemisphere and counterclockwise in the southern hemisphera.

HABITAT—The particular type of place where an organism lives within a more extensive area or range. The
habitat is characterized by fis biclogical companents andior physical features (e.g., sandy bottom of the littoral
zong, or on kelp bladas within 10 m of the water sudace),
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HAPLOSPORIDIAN—A uniceliular profozoan occurrng in vertebrate and invertebrate hosts, often causing
disease.

HERBIVORE—AnN animal that feeds on plants (phytoplankion, large algae, or highar plants).
HERMAPHRODITIC—Relars 1o an organism having both male and lemale sex organs on the same individual.

HOLARCTIC—Tha antire Arclic, including the Palecarclic (Eurcpe and Asia) and the Nearclic (North Amernica).
Also, the enting arclic regeon in oceanography.

HYDROZOA—A class of the phylum Cnidaria. The primary life stage is nonmotile and has a sac-like body
composead of two layers of calls and a mouth that opens directly into the body cavity. A second life stage, the frae-
ving medusa, often resembles the common jelhviish.

HYPERSALINE—Water with a salt concentration over 407%..

HYPOLIMNION—The cold bottom water zone of a lake below the thermocline.

IMMIGRATION—A movement of indnviduals inlo 2 new population or region, Seae EMIGRATION, MIGRATION,
and RECRUITMENT.

INCIDENTAL CATCH—Calch of a species that was nol tha Tocus of a lizhary, bul taken along with the species
being sought.

INDIRECT DEVELOPMENT—See EMBRYONIC DEVELOPMENT.

INFALUNA=—Animals living in bottom subsirates.

INNER SHELF—The contineral shalf extending from the maan kw tide line to a deplh of 20 m.

INSTAR— The inarmioll stage ol a young anthopod.

INSULAR—OH or peniaining 10 an island or its charactenstics (Le., isolated),

INTERTIDAL—The ocean or estuaring shore zone exposed between high and low tides.

ISOBATH—A contour mapping line that indicales a specilied constant depth,

ISOPODA—AnRorder of about 4,000 species of dorsoventrally compressed crustaceans that have abdominal gills
and similar abdominal and thoracic segments. Terrestrial pillbugs and thousands of benthic marine species are
included, Most species are scavengers and/or omnivores; a lew are parasitic,

ISOTHERM—A contour line connecting points of equal mean lemperature for a given sampling pernod.

ITEROPARDUS—Refers to an organism that reproduces several times during its lifespan (i.a., does nol die allar
spawning).

KELT—A spent (Le., spawned oul) troul.

KINESIS—A randomiy directed movement by an animal in response 10 a sensory stimulos such as light, heal, or
touch. When the response is directed, it is called a taxis. See CHEMOTAXIS,

LACUSTRINE—Pertaining to, or living in, lakes or ponds.

LAGOON—A shallow pond or channel linked 1o the ocean, but often separated by a reef or sandbar
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LARVAE—AN early developmental stage of an organism that is morphologically ditferent fromthe juvenile or adult
form. See EMBRYONIC DEVELOPMENT.

LATERAL LINE—A pressure sensory system located in a line of pores under the skin on both sides of most lishes.
The system is connected indirectly with the inner ear and senses water pressure changes due 1o waler movemant
{including sound waves),

LITTORAL—The shore area between the mean low and high tide levals. Water zones in this area includa the
fioral pelagic zone and the Mioral benhic zone.

MANTLE—The upper fold of skin in moliuscs that encloses the gills and most of the body in a cavily above the
muscular foot. In squids and allies, the mantia is below the body and behind the lentacles (derved from the foot)
due 1o the shilt in tha dorsal-ventral axis. The manthe produces tha shall in spacies having them,

MEAN LOWER LOW WATER (MLLW}—T he arithmmatic mean of the lower low waler hieighls of a mixed tide over

a spacilic 19-year Metanic cycle {the National Tidal Datum Epoch). Only the lower low waler of each tidal day is
included in the mean.

MEGALOPAE=—Thi larval stage ol a crab characterized by an adult-like abdomen, thoracic appandages, and a
developed carapace.

MEIOFAUNA—Very small animals, usually < 0.5 mm in diameter,

MERISTIC—Reders to countable measuremenis of segments of lealuras such as verebraa, lin rays, and scale
rows. Counls of these are used in populalion comparisons and classifications.

MESOHALINE—\Watar with a sal concaniration of 5-18%...

MESCPELAGIC—Ocean zong ol intarmediate depths from aboul 200-1,000 m balow the surface, whare light
pengiralion drops rapidly and ceases,

METAMORPHOSIS—Process of fransforming from one body form 1o ancther iorm durng develdopmeant {e.g.,
ladpote changing 10 a frog). See EMBRYONIC DEVELOPMENT.

METRIC TOM (I}—A unit of mass or weight aqual to 2,204_6 Ib.

MIGRATION—Movement by a population or subpopulation from one lecalion to another (oflen perodic or
seasonal, and over long distances). Verical migrations in the water column may be daily or seasonal within the
same area. Migrations between deep and shallow areas are usually seasonal and related 1o breeding. Many
marine birds and mammals have seasonal latitudinal migrations associated with breeding. See EMIGRATION,
IMMIGRATION, RANGE. and RECRUITMENT.

MILT—The seminal fluid and sperm of male fish.

MOLT—The process of shadding and regrowing an ouler skelalon or covering al periedic intervals. Cruslaceans
and other arihropods moll their exoskelelons, grow rapidly, and produce larger exoskeletons. Mos! repliles, birds,
and mammals, moll skin, feathers, and fur, respeclivaly.

MORPHOLOGY—The appaarance, form, and structure of an organism.

MORPHOMETRICS—The study of comparative morphological measurements.

MORTALITY—Death rate expressed as a proportion of a population or communily of ofganisms. Mortality is
caused by a variely of sourcas, incheding predation, disease, envirenmental conditions, alc.
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MOTILE—Capable ol or exhibiting movemsanl or locomolion.

MUTUALISM—Animeraction between two species whare both benalit. Some authoriies considar irue mutualism
1o be obligatory for both species, while mutually beneficial relationships that are not essential for either species
ara classified as prolocooperative (e.g.. the blacksmith cleaning fish eating external parasites from sea basses).

MACREOUS MATERIAL—A calcareous, lusirous secretion in the inner surface of the shell of many molluscs.
Foreign particles lodging batweaen tha inner shell surface and manile are coverad by nacre, often forming pearls.

NANOPLANKTON—Microscopic, plankienic erganisms smaller than 20 microns in diameter,
NATAL—Periaining to birth or halching.

NEKTOMIC—Refers 1o pelagic animals thal are strong swimmers, Bve above the substrate in the water column,
and can move independently of curranis.

NEMERTEA=—A phylum of unsagmented, slongate markng worms having a protrusible proboscis and no body
cavity, and kve mostly in coastal mud or sand; nemareans.

NERITIC—An oceanic zone extending from the mean low tide level to the edge of the coninental shelf. See
INNER SHELF, LITTORAL, and GCEANIC ZONES.

NEUSTON—Organisms that Bve on or just under the water surdace, often dependent on surface tension for
support.

HICHE—The fundamental niche is the full range of abiotic and biotic factors under which a species can live and
raéproduce. The realized niche is the set of actual conditions undaer which a spacies or a population of a spacias
axisis, and is largely determined by interactions with other spacies.

NOCTURNAL—Refers to night, or animals that are active during night.

CCEANIC—Living in or produced by the ocean.

OCEANIC ZONE—Pelagic waters of the open ocean beyond the continental shell. See BATHYPELAGIC,
EPIPELAGIC, ABYSSOPELAGIC, MESOPELAGIC, and NERITIC.

CLIGOHALINE—Water with a salt concentration of 0.5-5.0%..
OMNIVORE—AR animal that eals both planis and animals,
DOCYTES—Tha cells in ovaries that will mature info eggs.

OREGON PROVINCE—A zoogeographical designation for faunal distributions that extends from Cape Flattery,
Washington, o Poini Conceplion, Califomia,

OTOLITHS—5mall calcareous nodules located in the inner aar of hshes used for sound receplion and
gquilibration. Theoy are often used by biologists to assess daily or seasonal growih incremants.

CUT-MIGRATION—Movement of animals out of or away irom an area (8.4, juvanile salmonids moving from rivers
1o the ocean).

OVIGEROUS—The condilion of being ready lo release malure eggs: egg-bearing.

OVIPARQUS—Relers 1o animals that produce eggs thal are laid and hatch externally. Sea OVOVIVIPARDUS
and VIVIPARCUS.
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OVIPOSITION—The process of placing eggs on or in specific places, as opposed to randomiy dropping or
broadcasting them,

OVOVIVIPAROUS—Refers 1o animals whose eggs are fertilized, developed, and haiched inside the fermale, bul
receive no nourishment from her. See OVIPAROUS and VIVIPAROUS.

PALP—An organ atiached to the head appendages of various invertebrates; usually associated with leeding
functions.

PARASITISM—AN obligatory association where one species (parasite) feeds on, or uses the metabolic
mechanisms of the second (host), Unlike predators, parasiles usually do not kill their hosts, although hosts may
later ciie from secondary causes that are related to a weakened condition produced by the parasite. Parasiliam
may also be fatal when high parasite densities devalop on or in the host.

PARR—The frashwatar e stage of juvenila salmon and roin that has a seres of dark, verical bars on its sides
(par marks).

PARTURITION—The act of giving birth. See SPAWN.

PATHOGEN=—A microorganism of virus thal produces disease and can cause dealh.
PEDIVELIGER—The larval stage of bivalves during which a functional pedal (footlike) organ develops.
PELAGIC—Partaining to the water colsmn, or 1o organisms thal ive in the waler column,
PELAGIVORE—A camivora thal feeds in the water column,

PHYLOGENY—Relars to evolutionary relationships and lines of descent.

PHYTOPLANKTON—Microscopic plants and plant-like protists (algae) of the epipetagic and nerilic zones thal are
tha base of offshore food webs. Thay drift with currents, but usually have some ability to control their level in the
waler column, See ALGAE and DIATOMS.

PISCIVOROUS—Refers to a carnivorous animal that eats fish.

PLANKTIVOROUS—Refers to an animal that eats phytoplankion and'or zooplankion.

PLANKTON—Ses PHYTOPLANKTON and ZO0OPLANKTOM.

PLANTIGRADE—A young, newly sefiled post-larval clam.

PLEOPODS—Paired swimming appendages on the abdomen of crustaceans.

POLYCHAETA—A class of segmented, mostly marine, annelid worms that bear bristles and fleshy appandages
on mos! segmeants.

POLYHALINE—Water with a salt concentration batween 18 and 30%..

POPULATION—AIll individuals of the same speckes occupying a defined area during a given tima. Environmeantal
barriers may divide the population into local breeding units (demes) with restricied immegration and interbreeding
batween the bcalized unils. Ses SPECIES, SUBSPECIES, and SUBPOPULATION,

PREDATION—ARN interspecilic imeraction where ong animal specles (predalor) feeds on another animal or plant
species (prey} while the prey is alive or after killing i, The relalionship tends to be positive (increasing) for the
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predator population and negative {decreasing) lor the pray population. See PARASITISM, SYMBIOTIC,
CARNIVORE, and TROPHIC LEVEL.

PRODUCTION—Gross primary production is the amount of light energy converted to chemical energy inthe form
of organic compounds by autolrophs like algae. The amount left alter respiration is net primary preduction and
is usually expressad as biomass or caloresiunt arsa’unit time. Net production for herbivores and camivoras is
basad on the same concept, except thal chemical energy from food, not light, is used and parially stored for life
processes. Efficiency of enengy translers between irophic levals ranges from 10-65% [depending on the arganism
and trophic level). Organisms al high trophic levels have only a fraction of the energy available o them that was
stored in pland biomass. Afer respiration less, nel production goes into growth and reproduction, and some is
passad o lhe naxt trophic level. See FOOD WEB and TROPHIC LEVEL.

PROKARYOTIC—Organisms thal have nuclear bodies, but lack chromosomes, nucleol, and nuclear mem-
branas,

PROTANDRY—A type of hermaphroditism in which an individual inflially develops as a mabe, 1hen reverses 1o
lunclion as a female. Commen lor some species of shrimp.

PROTISTAN—Pertaining to the eukaryotic unicellular organisms of the kingdom Protista, including such groups
as abgaa, fungi, and proiozoans.

PROTOZOA—A variad group of either free-living or parasitic unicellular flagefiate and amoebokd organisms.
PYCNOCLINE—A zone of marked waler density gradient that is usually associated with depth.

RACE—AnN intraspecific group or subpopulation characterized by a distinclive combination of physiological,
bickegical, gecgraphical, or ecological fraits. In salmonids, a race s determined by when it relums 10 Bs natal
siream.

RADULA—Atogthed belf or tongue in the buccal cavity of most molluscs that is used to scrape food panticles from
a surface, or modified olharwise to serve a variety of feeding habis.

RANGE—{1) The geographic range s the enfire area whene a species is known 1o occur or 1o have oocurred
(historical ranga). The range of a specias may ba continusous, or # may have unoccupied gaps batwaen
papulations (discontinuous distnbution). (2) Some populations, or the entire species, may have different seasonal
rangas. These may be overlapping, or they may be widely separated with intervening areas that are at most briefly
occupied during passage on relatively namow migration reutes, (3) Home range refers o the local area that an
individual or group uses for a long pericd or life. See DISTRIBUTICN and TERRITORY.

RECRUITMENT—The addition of new members 1o a population or stock through successiul reproduction and
immigration.

RED TIDE—A reddish coloration of sea waters caused by a large bloom of red flagellates. The accumuiation of
metabolic by-products from INgse organsms is 10xic 10 fish and many other marning species. The accumulation
of these melaboldes in shellfish makes shalfish foxic to humans.

REDD—A gravel nesi dug by spawning female saimon and rout. After eggs are released and ferilized by the
male, the female covers them with gravel by sweeping movements of the tail.

REPRODUCTIVE POTENTIAL—The 1otal number of offspring possible lor afemale of a given species (o produce
if she lives to the masimum repreductive age. This is found by multiplying the number ol possible raproductive
pariods by the average number ol eggs or offspring produced by lemales ol each age class. This polential is
seldom realized, bul this and the age of first reproduction, or generation lime, delerming the maximum rate of
populalion ingrease under ideal conditions.
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RESIDUALISM—Occurs when juvenile salmon smolts do not migrate to sea but revert back to parr, usually loosing
their ability o osmonagulate in seawaler.

RHEOTAXIS—A response movement by an animal toward or away from stimulation by a waler curnent.
RIVERINE—Pertaining lo a river or formed by a river or straam.

ROE—The egg-laden ovary of lish, or the egg mass of carlain cruslaceans,

RUMN—A group of migrating fish {e.g., a salmon run).

SALT WEDGE—A wedge-shaped layer o sali waler thalinirudes upsiream benealh a low-density frechwater lzns
that has “thinned™ whila flowing seaward.

SAN DIEGD PROVINCE—A zoogeographical designation for faunal distributicns that, based on minimum
temperature requirements, extends from Point Conception, California, to Magdalena Bay, Baja Calilornia Sur.

SCAVENGER—Any animal that feeds on dead animals and remains of animals killed by predators. See
DECOMPOSER and DETRITIVORE.

SEAMOUNT—AR undersaa maountain rising more than 3 000 feet (914 m) from the sea floor, but having a sumamit
al least 1,000 feet (305 m) balow zea level (in contrast 1o an island).

SEDENTARY —Helers Io animals that are altached 1o a subsirate or confined 1o a very restricled area (or those
that do nol move or move vary littie). See SESSILE.

SEMELPAROUS—Animals that have a single reproductive period during their espan.
SESSILE—Relers lo an organisms thal is parmanently attached 1o the subsirate. See SEDENTARY.

SETTLEMENT—The act of or state of making a parmanent residency. Often refers to the period when fish and
inveriebrate larvae change from a planktonic to a benthic existence.

SHOAL—{1) A sand bar in a body ol waler thal iz exposed al low tide. (2) An area of shalow water. (2) A group
ef fish (school). (4) As a verb, 10 collect In a crowd or school.,

SIPHONS—The "necks” or tubes of clams and other bivalves that carry water containing food and oxygen inlo
ihe gills, and then expels waler containing waste products (exhalent siphon).

SLOUGH—A shallowiniet or backwaterwhose bottom may ba exposed at low tide. Skoughs oltenborderestuaries
and typically have a stream passing through them.

SMOLT—# juvenile salmon or anadromous trout that is in the process of migrating to the ocean and physiologically
adapling 1o seawater. Smolts are usually very sitvery and have very faint parr marks. See PARR.

SPAT—Juvenila bivalve molluscs which have settled from the water column 1o the subsirale lo begin a benthic
gxistanca,

SPAWN—The release of eggs and sperm during mating. Also, the bearing of olispring by species with Intemal
tedilization. Ses PARTURITION.

SPECIES—(1) A fundamental taxonomic group ranking after a genus. (2) A group of organisms recognized as
cislingt from other groups, whose members can interbveed and produce lerile olispring. See POPULATION,
SUBPOPULATION, and SUBSPECIES.




Glossary continued

SPERMATOPHORE—A capsule or gelatinous packet (extrudad by a male) containing sperm and used to transfer
sperm 1o females. Sparmatophores are produced by cerain invertebrates and some primitive verlebrates,

SPIROCHETE—A spiral-shaped, non-flageliated bacterium of the order Spirochaetales. This group can ba fres-
Fving or parasitic. Some members cause diseases.

SPIT=—A long, narmow sand bar or peninsula extending info a body of water which is at least panly connecied 1o
the shore. See SHOAL.

SPOROCYST—A simple larval stage of parasitic tramatode worms, Contact with the host causes a matameorpho-
sis from an earlier stage to this stage.

STENOHAL INE—Penaining to organisms that are resticled 1o a namow range of salindies, in contrast 1o
EURYHALINE.

STIPE—A thickenad, slalk-like structure in kelps that bears other structures, such as blades. Also, the basal
pertion of the thallus or plani body of alga.

STOCK—A related group or subpopulation. See POPULATION and SUBPOPULATION.
SUBADULTS—Maturing individuals 1hat are nol yel sexually mature.

SUBLITTORAL—The benthic zone along a coast, or lake thal extends from mean low tide to depihs of about
200 m,

SUBPOPULATION—A breeding unit {deme} of a larger population. These units may differ litle genetically and
taxonomically. Ses SUBSPECIES. Subpopulations may imergrade with some inferbreading, or they may occupy
a commeon seasonal range prior to the mating season. The wnits may have differen reproduction times and be
separaled spatially or temporally, See RACE, STOCK, and POPULATION,

SUBSPECIES—A taxonomic class assigned to populations and'or subpoputations when interbreeding (gene
flow) between populations i limited, and there are significant diferences in some combination of characteristics
betwean subspecias (e.g., appearance, analomy, ecology, physiology. and behavior). While successiul
interbreading canoccur when the groups are in contact, under natural conditions reproductive isolationis complete
and the groups are considered distindd. Classitication of such groups is based on the comparative study and
pdgement of phylogenists. A second epithet for each subspecies is added o the binomial for the species (e.g.,
Oncorhynchus clarki clark)). See SPECIES, POPULATION, and SUBPOPULATION,

SUBTIDAL—See SUBLITTORAL.
SUPRALITTORAL—Tha splash zone of tand (adjacent 1o the sea) thal is above the mean high tide level.

SUSPENSION FEEDER—AN animal that feeds direcily or by filtration on minute grganisms and organic debris
that is suspended in the water column.

SYMBIOSIZ—The relalionship between two inleracting organisms that is positive, negalive, or neutral in its
ellects on each species. See COMPETITION, MUTUALISM, PARASITISM, and PREDATION.

TAXOMNOMY—A system of describing, naming, and classilying animals and plants imto related groups based on
common fealures (e.g., struciure, embryology, and bischemestry).

TEMPERATE REGION—COceanic waters betwaen the 13 and 20°C winter isotharms, The temperale regicn of
the neritic zone on the Pacific coast of North America extends from Poind Cenception, California, to Magdalzna
Bay, Baja Califormia Sur
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Glossary continued

TEMPORAL—Penaining fo time. Used 1o describe organism activities, developmental stages, and distributions
as thay relate 1o daily, seasonal, or geologic time periods.

TERRITORY—aARN area occupied and used by an individual, pair, or larger social group, and from which other
individuals or groups of the species ana excluded, oltenwilh tha aid of auditory, olfactory, and visual signals, threat
displays, and cutnght comibal,

TEST—A rigid calcareous exoskeleton produced by some echinoderms inihe class Echinoidea (g.g., seaurching
and sand dollars).

THERMOLLINE—A relatively narmrow boundary layer of water where temperature decreases rapidly wilh dapth.
Latle waler or solule exchange occurs across the thermocline, which is maintained by solar heating of the upper
water layers.

TREMATODA—A class of parasitic flatworms of the phylum Platyhelminthes. Trematodes have one or more
muscular, external suckers and are also known as flukes.

TRIPLOIDY—Tha occurrence ol threa times the haploid number of chromosomes. When gengtically engingered,
randomly occuming fraits may be selecled lor commercial applications.  For example, the Pacilic oysier
gxperiences a degradation inllesh quality associated with spawning. Non-raproducing irpkobd cullures avoid this
seasonal probiam.

TROCHOPHORE—A molluscan larval stage (excepl mn Cephalopoda) lolloweng gastrulation (embeyonic stage
characterizedby the development of a simple gut). It iscommonly ciligled, biconically shaped, and free-swimmeng.
it establishes an evolutionary link batween annelids and molluscs, since both groups display a simiar e slage.

TROPHIC LEVEL—The feeding level in an ecosysiem food chain characterized by organisms thal occupy a
similar functional position. Al the first level aré autolrophs or producers (e.g.. kelps and diatoms); at the second
levil are harbivores (e.g., copapods and snails): al the third level and above are carnivores (e.g., salmon and
seals). Omnivores feed atthe second and third levels. Decomposers and detritivores may feed at alltrophic levels.
See FOOD WEB and PRODUCTION.

TROPICAL REGION—Oceanic waters between the 20°C winter isotherms in the southern and northern
hemispheres. Tropical neritic waters along the west coasts of North and South America extend from tha southam
lip of Baja Calilornia, Mexico, 1o about lat. 55 along the coast of Parnu.

TURBELLARIA—A class of mostly aquatic, non-parasitic flatworms thal are leal-shaped and covered with cilia
UPWELLING—The procaess whareby prevailing seasonal winds create surdace currents that allow nutrient rich
cold water from the ocean depihs 1o move into the euphetic or epipelagic zona. This process breaks down the
thermocling and increases primary productivily, and ultimatety fish abundance.

VELICONCHA—A bivalve larval stage. A vehiconcha has two larval shells and moves by using its valum.

VELIGER—A cilialed tarval stage comman in molluscs. This stage forms after the trochophora larva and has some
adult Teatures, such as a shall and fool,

VELUM—The ciliated swimming organ of a larval moflusc.

VIVIPAROUS—Relers 1o animaks that produce live offspring; eggs are retained and fertilized in the female {as
compared to OVIPAROUS).

WATER COLUMMN—The waler mass batween the sudace and the bofiom.
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YEAR-CLASS—HRefars 1o animals of a specles population hatchad or bom in the same year al about the same
time; also known as a cohor. Strong year-classes resuft whan ihara is highlarval and juvenile survival; the reversa
is frue for weak year-classes. The effecis of strong and weak year-classes on population size and structure may
persist for years in specekes wilh long kves. Variation in year-class siremgth often affecis fisheries. See
METRIBUTION and STOCK.

Z20EA—AN early larval slage of various marine crabs and shrimp; zoea have many appendages and long dorsal
and anterigr spines.

ZO00PLANKTON—ARImMal members of the plankion, Most range in size from microscopic to about 2.54 emin
length. They reside primarily in the epipelagic rone and lead on phyloplankton and each othar. Although they
have only a limited abflity 1o swim against curmanis, many undertake diel migrations. Taxa include prolozoa,
jeliyflish, comb peles, amowworms, lower chordates, copepods, water Hleas, krll, and the larvas of many fish and
invertebrates that are nol planktonic as adulis.
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Appendix 1: Summary table example: Spatial distribution and relative abundance

Wesi Coast Estuaries
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Appendix 2: Summary table example: Temporal distribution

West Coasi Estuanes
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Appendix 3: Summary table example: Data reliability

Wesi Coast Estuanes
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Appendix 4: Presence/absence of 47 species in west coast estuaries

Mote: Due to post-publication revisions of the prasencefabsence information inVolume |
(Table 5, pp. 185-197), dala in this appendix has been updated and supersedes thal presenied inValume /.

Indax 1o Appendix 4: Page location ol prasenca/absence table for each species and estuary
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Appendix Table 5C. Biological Attributes and Economic Value
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Appendix 5C conlinued
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Appendix 6: Terms used in life history tables

BIOGEQOGRAPHY

Marine- Distribution of lile stages in seawaler areas.
«Beach- Exposed shore areas receiving ccean waves and wash.
«Contingntal shelf- Waters over the gradually-sloping continental seabed from shore to a depth of
abow 200 m
= Continental slope- Waters over the steeply-sloping seabed lrom contingntal shelf 1o 1000 m
=Cceanic- The open ocean walers beyond the conlinental shell. Defined here as the ccean beyend
Ihe conlingnial slope.

E:n.uarlna— Dts'lrm:lunui Ida Etﬂg-EE in estu arll'u';- areas.

Tidal faai Sakios of 000 5%,
=Mixing- Salinitias of 0.5-25.0%.
Soawalar- Salinilies »>25%..

=Limrnetic- Salinities of 0.0-0.5%.
-{Jigaha&reﬁalinilies ol 0.5-5 0%
Mesohaling- Salinities of 5-18%.

= Palyhaling- Saknities of 18-30%..

« Euhaling- Salinities =30%..

Estuary lype _
 Drowned river- Estuaries resulting from valleys being inundated by rising sea levels (e.g., Grays
Harbor and Columbia River estuary).

«Bar-built- Estuarias resulting from the building of barrier istands or spits (e.g., Netarts Bay and
Humbaldt Bay)

«Fjora- Glacier-lormed estuaries with deeply-carved, sleep-sided channels (e.g., Pugel Sound and

Hood Canal)

= Tectonic- Estuaries lormed by laulting or sinking of the earth's crust {e.g., Tomales Bay and South San

Francisco Bay).

Stratification
=Highly- Very little mixing between surface and bottom layers, resulling in marked dillerences batwaen
gurtace and bottom salinibes.
=Moderately- Moderale mixing between surdace and boflom layers primarily due to idal-induced
lurbulence. Surface salinities are usually lower than botom salinifies.
=Homogeneous- High mixing of surface and bottom layers resulting in equivalent salinities.

Riverine- Distribution of life stages in freshwaler areas.
« Coastal piain- River portions in the relatively flat land along a coast.
= Pigdmant- River portions al the base of mouniains.
«Lipland- River portions in mountainous areas.

HABITAT ASSOCIATIONS

Habitats- General habilat of life slages.
*Lake- Freshwater non-flowing areas with riverine conneclions 1o the sea.
*Rivar/stream- Areas with flowing fresh water.,
«Esfuaring- Embayment with tidal fresh, mixing, and seawater zones.
*Bay- Semi-enclosed water body that has predominantly seawater salinifies.
«Coastal (high enengy)- Nearshore areas subject to significant wave or current action.
«Coastal (low enevgy)- Nearshore areas subject to only minor wave or current acton,
«fshore- Cdishora areas beyond the coastal high or low enedgy areas.

Jev



OPENCI i Conime.

Substrate preference- Size of subsirate that life stages resida on or in.
*Mud‘clay/sit- Fine substrales <0.0625 mm in diameter,
Sandigranule- Subsirates 0.0625-4.0 mm in diameler,

«Pobble- Substrales 4-64 mm in diameter.
«Cobblg- Substrates 64-256 mm in diameter.

Boulder- Large subsirate =258 mm in diamater.

Rocky oulcrop {bedrock)- Exposaed solid rock.
«Exiuanng vegelation- Aguatic plants within an estuary.
=Maring vegelation- Agualic plants in manne walers.
=hang- No repored preference,

Domain- Specific habital where lfe stages ocour.

Benthic-Littoral
=intertidal (0-3 m)- On the botlom fram the high tide mark to depths of 3 m.
= Sublidal (3-10 m)- On the bottomn at depths of 3-10 m.

Benthic-Sublittoral

slnner shelf {10-50 m)- On the bottom of the continental shell at depths of 10-50 m.

*Middle shelf (50-100 m)- On the botiom of the continental shell at depths of 50-100 m.
«Outer shelf { 100-200 m)- On the boliom to the edge of the continental shall at depths of 100-200 m.

Benthic-Bathyal
*Mesobenthal (200-500 m}- On the bottom of ihe continental slope at depihs of 200-500 m.
=Bathyobenthal (=500 mj- On the botiom of and beyond the confingntal slope at depths =500 m

Eelagic
=Navific- Residing within the water columin from the shore to the edge of the continental shel,
=Oceamc- Residing within the water column beyond the edge of the continental shall,

Estuaring

«Mainstern channel- The deep, drowned river channel of an esfuary

Subsidiary channel- Small tribulary channels emplying inlo the mainstem channel of an estuary,
*Channel edge- Rim of an estuarine channel where the botlom slopes upward and meeis shallow flats.
=Intertidal flal- Shallow, often almost level estuaring areas aliermnately covered and left bare by tidal walers.

BIOLOGICAL ATTRIBUTES AMD ECONOMIC VALUE

Feeding type- Trophic role of life slages.
*Carmivorg- A llesh-gating organism.
«Herbivore- A plant-eating organism.
*Omnivare- An organism that eats both plants and animals,
=Plankrivore- A plankion-eating organism.
= Detritivore- A defritus-eating organism

Spatial strategy- Use of habitals by lite stages.
=Coastal migram- An organism which migrates within nearshore walers of the contingntal shelf,
=Clcean migrant- An organism which migrates in ocean waters beyond the confinental shell,
=Freshwater resident- An organism which resides primarily in freshwaler habitats,
=Esluaring resident- An organism which resides primarily in estuaring habitats (salinflies 20.5 and s25%.).
«Maring rggident- An organism which resides primarily in seawater habitals (salinities >25%.).

Longevity- Average ilespan of a particular Ble stage [ T day o >20 years)
Economic Value- Monelary worth [diract and indirect) from harvesting a species.

«Recreational - Harvasied by sport anglers.
sCommercial - Harvesied by professional fishermen for sale in markets,

328



____Appendiic 6 continued

REPRODUCTION

Fertilization/Egg Development- Method of egg ferilization and development.

+ External- Egg ferilization cccurs afier eggs and sperm are shed into the water.

«Internal- Egg ferilization occurs when a male inseminates an egg within a tamale

«Chviparous- Eggs are laid and lerlifized externally.

«Choviviparous- Eggs are lerlilized and incubaled internally, and usually released as lanvae. Lelle or
no malemnal nourishment ks provided.

= Viviparous- Eggs are ferilized, incubated. and develop internally umil birth. Maternal nourishment is
providied.

Matilng Type- Mate selection stralegy.
*Monogamous- A singlé male and a single female pair for a prolonged and exclusive relationship.
Polygamous- A male mates with numerous females or vice-versa.
*Broadcast spawner- Numenous makes and females release gameles during mass spawning.

Spawning- Spawning mode.
*Angdromous- Species spends most of its life al sea bul migrales 1o fresh water (0 spawn,
slleroparous- Species reproduces repealedly during a Betime.
~Spmeiparous- Species reproduces only once during a lifetime.
sBatch spawn- Species spawns (releases gameles) several limes during a reproductive pencd,

Parental Care- Type of egg prolection.
* Profected- Eggs are protectad by pareni(s); eggs are buoyant or attached 1o substrates, bul not buried.
«Nesis- Eggs develop in the shalter of a nest,

Temporal Schedule- Period when spawning typically occurs.
*Early spring- From mid-March through Agril,
«Late spring- From May to mid-June.
*Early summer- From mid-June through July.
«Late summer- From August to med-Seplember,
*Early fall- From mid-September through Oclober.
Late fall- From November 1o mid-Decembaer.
*Early winter- From mid-December through January.
L afe wanter- From February 1o mid-March.

Perlodicity- Frequency of spawning events.
=Annual spawning- Spawning once each year, usually during a restricted season,
2 or more per year- Spawning more than once each year [more than one spawning season).
2 or more years- Spawning events separated by at least two years.
«Undescribed- Spawning frequency not documented.

Domain- Location of spawning.
«Ocaans- Spawning occurs primarily in opan manne walers.
= Esluaries- Spawning occurs primarily in estuarine walers (1o kead of tide),
*Rivers- Spawning occurs primarily in frash water, above head of tide




