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Preface 

This estuarine profile is one of a series of profiles that synthesize current ecological and other 
pertinent information on selected estuaries of the United States. The data in this profile on Humboldt 
Bay provide a scientific reference on the bay's natural resources and will aid in the management and 
protection of the estuary. Humboldt Bay is one of the most valuable coastal resources on the west coast 
of the United States. 

The profile provides current and historical information on the geographic setting of Humboldt Bay; 
describes geological, climatological, hydrological, and physicochemical aspects of the bay environment; 
describes the biotic communities and their relationships; compares and contrasts other west coast 
estuaries to Humboldt Bay; provides management considerations in terms of procedures, socioeconomic 
factors, and environmental concerns; and identifies research and management information gaps 
important to proper management and protection of the bay. 

The information in this profile should also be useful to educators, students, and interested laypersons. 
The style and format are designed to make the profile useful to many different interests. 



Conversion Table 

Metric to U.S. Customary 

Multiply By To obtain 

millimeters (mm) 0.03937 inches 
centimeters (cm) 0.3937 inches 
meters (m) 3.281 feet 
meters (m) 0.5468 fathoms 
kilometers (km) 0.6214 statute miles 
kilometers (km) 0.5396 nautical miles 
square meters (m2) 10.76 square feet 
square kilometers (km2) 0.3861 square miles 
hectares (ha) 2.471 acres 
liters (L) 0.2642 gallons 
cubic meters (m3) 35.31 cubic feet 
cubic meters (m3) 0.0008110 acre-feet 
milligrams (mg) 0.00003527 ounces 
grams (g) 0.03527 ounces 
kilograms (kg) 2.205 pounds 
metric tons (t) 2205.0 pounds 
metric tons (t) 1.102 short tons 
kilocalories (kcal) 3.968 British thermal units 
Celsius degrees (° C) 1.8 (° C) + 32 

U.S. Customary to Metric 

Fahrenheit degrees 

inches (in) 25.40 millimeters 
inches (in) 2.54 centimeters 
feet (ft) 0.3048 meters 
fathoms 1.829 meters 
statute miles (mi) 1.609 kilometers 
nautical miles (nmi) 1.852 kilometers 
square feet (ft2) 0.0929 square meters 
square miles (mi2) 2.590 square kilometers 
acres (a) 0.4047 hectares 
gallons (gal) 3.785 liters 
cubic feet (ft3) 0.02831 cubic meters 
acre-feet 1233.0 cubic meters 
ounces (oz) 28350.0 milligrams 
ounces (oz) 28.35 grams 
pounds (lb) 0.4536 kilograms 
pounds (lb) 0.00045 metric tons 
short tons (ton) 0.9072 metric tons 
British thermal units (Btu) 0.2520 kilocalories 
Fahrenheit degrees (° F) 0.5556 (°F -32) Celsius degrees 
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Humboldt Bay estuary, California, looking east from the Pacific Ocean (from an infrared color photograph). 
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Abstract. Humboldt Bay is one of California's largest coastal estuaries, second only 
to San Francisco Bay in size. The bay is important ecologically, serving as habitat for 
many invertebrates, fishes, birds, and mammals. The bay attracts many recreational 
users and because it is an important shipping port also attracts industry, particularly 
that related to forest products. This report summarizes and synthesizes scientific data 
on the ecological relationships and functions of the estuary, including information on 
geological, climatological, hydrologic and physical-chemical aspects of the bay 
environment; describes the biotic communities and their relationships; compares and 
contrasts other west coast estuaries to Humboldt Bay; provides management 
considerations in terms of procedures, socioeconomic factors and environmental 
concerns; and identifies research and management information gaps. Fbrtions of the bay 
are managed as a national wildlife refuge. Management issues for this ecosystem include 
loss of habitat and degradation of the environment by additional industrial development 
and nonpoint source pollution. 
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Chapter 1. Introduction: The 
Ecology of Humboldt Bay 

Humboldt Bay is one of California's largest 
coastal estuaries and is the only harbor of commer- 
cial importance for major shipping between San 
Francisco Bay, 372 km south, and Coos Bay, Ore- 
gon, 335 km north. The bay, located at latitude 
40°46'N and longitude 124°14'W, consists of three 
arms: South Bay, a wide, shallow southern arm; 
Entrance Bay, a relatively narrow, deeper central 
area; and Arcata Bay, the largest arm to the north, 
also wide and shallow (Fig. 1.1). Humboldt Bay is 
22.5 km long and 7.2 km wide at its widest point; 
its area is 62.4 km2 at mean high tide (MHW) and 
28.0 km2 at mean low tide (MLLW), according to 
Proctor et al. (1980). 

Both South and Arcata bays consist of extensive 
mud flats interlaced with drainage channels. More 
than half of the surface area of these two bays is 
exposed at low tide. Arcata Bay has a total of six 
islands: Indian (Günther), Woodley, and Daby is- 
lands are in the southwest corner, just north of the 
separation between Eureka and Arcata channels; 
Bird, Sand, and little Sand islands are all located 
just north of the separation between Mad River 
Slough and the old Arcata Wharf pilings (Skeesick 
1963). Entrance Bay has one deep connecting chan- 
nel (Samoa Channel) that joins the two major arms 
and also leads to the ocean, providing daily ex- 
changes of seawater. The entrance to the bay is 
maintained by concrete and rock jetties, 2 km or 
more long. 

Humboldt Bay is a "normal" or "positive" type of 
estuary according to the classification system of 
Emery and Stevenson (1957). These authors 
pointed out, however, that a large estuary opening 
to the sea near the middle is a complex environ- 
ment and is not easily classified. Costa (1982) 
characterized Humboldt Bay as a multibasin, tide 
driven coastal lagoon with limited fresh water 
input. True estuarine conditions occur only where 
bay waters are measurably diluted by fresh water 
from major winter storms events. 

Humboldt Bay is separated from the ocean by 
long sand spits. South Spit is narrow with low sand 
dunes and sparse vegetation. During extreme high 
tides and high seas, the ocean surf may pass over 
South Spit into the bay (Monroe 1973). The north- 
ern spit (Samoa Spit) is much higher and wider 
than South Spit and, although there is a dune 
community remaining, much of the spit has been 
developed for industrial and residential use. 

Humboldt Bay's 578 km2 drainage basin lies in 
the foothills of the Coast Range. The bay is imme- 
diately surrounded by lowlands, formerly marshy 
extensions of the bay, which were diked and 
drained for agricultural use, primarily grazing, 
beginning in the ISSO's. The lowlands are inter- 
sected by low foothills of the Coast Range, which 
extend nearly to the bay shore at several locations 
(Monroe 1973). No large rivers enter the bay; ma- 
jor sources of fresh water are Jacoby Creek and 
Freshwater Creek in Arcata Bay, Elk River in 
Entrance Bay, and Salmon Creek in South Bay. In 
September 1971 portions of South Bay and Arcata 
Bay were set aside to form the Humboldt Bay 
National Wildlife Refuge, primarily to preserve 
and enhance migratory birds and their habitats. 

Two cities, Eureka and Arcata, and five smaller 
communities are located on or near the bay, result- 
ing in a total population of about 70,000 for the 
bay area. Much of the shoreline of Entrance Bay 
is occupied by port facilities for shipping, commer- 
cial fishing, and associated services. A number of 
other industrial sites are situated at various loca- 
tions on Humboldt Bay. The remaining shoreline 
is used for agricultural purposes or remains unde- 
veloped (Fig. 1.2). 

During the recent geological past, before 2000- 
3000 years ago, the Mad River probably emptied 
into Humboldt Bay (Vick 1988; Vick and Carver 
1988). The three embayments of Humboldt Bay 
occupy the seaward edge of a river valley drowned 
by increasing sea levels. This valley over time filled 
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Fig. 1.1. Humboldt Bay, California, and environs (modified from Costa 1982). 
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Fig. 1.2. Land-use patterns, Humboldt 
Bay environs (from Ray 1982). 

with recent flood plain, tidal flat, and marsh depos- 
its. Bay sediments contain buried salt-marsh de- 
posits that represent episodic rapid subsidence of 
low-lying areas due to large magnitude subduction 
zone earthquakes during the Upper Holocene pe- 
riod resulting in the present configuration of Hum- 
boldt Bay (Vick 1988; Vick and Carver 1988). 

The bay was discovered in 1806, but no settle- 
ment took place until the 1850*8, when Humboldt 
Bay became a point of embarkation and supply for 
the gold mines of Trinity and Siskiyou Counties 
(Monroe 1973). Settling of early bay communities 
led to the immediate displacement of the resident 
Wiyot Indian population, which was estimated to 
be about 1,000 persons in 1850 (Glatzel 1982). The 
lumber industry soon developed and shipping fa- 
cilities were built to export wood and agricultural 

products. Secondary harbors were developed in the 
bay by Finnish fishermen who settled in the 
Fairhaven area. 

Land-use changes in the bay itself resulted pri- 
marily from the expansion of shipping. Docks were 
built in Eureka and Fields Landing and sailing 
vessels even reached upper Arcata Bay at a point 
near McDaniel Slough, where the city of Arcata 
maintained a dock. Ancillary shipping services, 
such as boat building and repair, were quite exten- 
sive in the bay from 1870 to 1946 (Glatzel 1982). In 
1881, Congress authorized the U.S. Army Corps of 
Engineers (Corps) to dredge the navigation channel 
in front of Eureka to a depth of 3.3 m, and a channel 
at the Arcata wharf to a depth of 2.6 m. Currently 
the Corps maintains the entrance channel at 
12.2 m deep; North Bay, Samoa, and lower Eureka 



THE ECOLOGY OP HUMBOLDT BAY, CALIFORNIA    5 

«sip: 

Fig-1.3. Jetties define the entrance to Humboldt Bay. 

channels at 10.7 m deep; and upper Eureka and 
Fields Landing channels at 7.9 m deep by periodic 
dredging. Maintenance of the Arcata channel has 
been discontinued due to nonuse. The entrance 
channel to Humboldt Bay was stabilized by the 
construction of jetties in 1889-99 (Fig. 1.3). 

There was a period of rapid wetland change after 
the completion of the Northwestern Pacific Rail- 
road along the eastern margins of Humboldt Bay in 
1901. The railroad functioned as a dike in most 
locations, and tide gates were placed at almost all 
slough crossings. Many wetlands were converted to 
agricultural land, and seasonal wetlands were used 
for grazing. By 1927, with the construction of High- 
way 101 and the associated filling, most of the 
marshes east of Humboldt Bay had been diked and 
drained (Fig. 1.4; Ray 1982). 

Development of Woodley Island first occurred 
with the placement of dredge spoils on a tidal 
marsh. Later, the island was used for building and 
repairing ships and for log storage. Commercial use 
of the island was abandoned between the 19508 
and 1979; some minor residential use and goat 
grazing still occur. In 1971, the Humboldt Bay 
bridge was completed, connecting Eureka with the 
north spit. Part of the bridge construction involved 
filling mud flats, salt marsh and a small freshwater 

1870       1890 1910 1930       1950 
Years 

1970 1990 

Fig. 1.4. Humboldt Bay land-vise changes, 1870-1980 
(modified from Shapiro and Associates, Inc. 1980). 
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Fig. 1.5. Commercial crab boats at dock in Humboldt Bay. 

pond on Woodley Island. Road access to Woodley 
Island allowed for planning and completion of the 
Woodley Island Marina in 1980. This project affected 
approximately 1,000 m of shoreline, where intertidal 
and subtidal mud flats were dredged and adjacent 
salt marsh and higher ground were filled to provide 
access, parking, and facility construction sites. 

Originally, Humboldt Bay encompassed about 
10,931 ha (Monroe 1973). Because of diking, drain- 
age, filling, and other developments continuing to 
the present, the bay has been reduced to about 
7,290 ha at mean high tide (calculated from Shapiro 
and Associates, Inc. 1980). Nevertheless, Humboldt 
Bay continues to be vital habitat for many fish and 
wildlife species. To date, 110 species of fishes have 
been recorded from the bay (Gotshall et al. 1980). 
Annual runs of chinook salmon (Oncorhyncus 
kisutch), coho salmon (O. tshawytscha), and rain- 
bow trout (O. mykiss) still ascend major bay tribu- 
taries. The bay is an important nursery area for 
several commercial species including English sole 
(Parophrys vetulus), Pacific herring (Clupea haren- 

gus pallasi), lingcod (Ophiodon elongatus), some 
surfperches (Embiotocidae), and some rockfishes 
(Scorpaenidae). The bay is also an important nurs- 
ery ground for at least three species of commercially 
or recreationally valuable crabs (Figs. 1.5 and 1.6): 
market or Dungeness crab (Cancer magister), rock 
crab (C. antennarius), and red crab (C. productus). 
At least 110 species of birds regularly frequent the 
various wetland habitats that occur in the Hum- 
boldt Bay area (Springer 1982). Springer extrapo- 
lated data by Hoff (1979) to estimate the average 
annual bird-days on agricultural lands in the entire 
Humboldt Bay area at 310,000 waterfowl, 
2,700,000 shorebird, 650,000 other waterbird, 
36,000 raptor, 17,000 upland gamebird, and 
6,500,000 songbird bird-days. The bay is also im- 
portant habitat for mammals; over 30 species have 
been found in and around Humboldt Bay (Shapiro 
and Associates, Inc. 1980). The bay also continues 
to be of considerable importance for shipping of 
forest products, commercial fishing, and seafood 
processing (Fig. 1.7). 
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Fig;* 1-6. Processing the dungeness crab for market. 

Fig. 1.7. Processing shrimp caught outside Humboldt Bay. 
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Chapter 2. Environmental Setting 

Geological Aspects 

Regional Geology 

Humboldt Bay is situated approximately 50 km 
northeast of a Gorda-Pacific-North American tri- 
ple junction. This triple junction represents the 
intersection of three crustal plates: the Pacific 
plate to the south, the Gorda plate to the north- 
west, and the North American plate to the east. 
The region is tectonically active, with the Gorda 
plate being subducted beneath the North Ameri- 
can plate. The relative motion between these 
plates has produced a number of northwest-south- 
east trending faults in the vicinity of Humboldt 
Bay. River valleys cut through the various forma- 
tions also trend northwest-southeast, along the 
fault lines. Rocks formed from marine sediments 
have been planed down by wave action and sub- 
sequently uplifted and folded to form marine ter- 
races. This uplifting and folding, the differential 
motion at the various fault lines, and erosion have 
exposed a wide range of rock formations in a com- 
plex pattern around the Humboldt Bay area. 

Geologic History 

Four main geologic formations are exposed in the 
Humboldt Bay region. The oldest is the Franciscan 
Formation, Late Jurassic to Late Cretaceous in age 
(Ogle 1953). This mixture of graywacke, sandstone, 
shale, chert, altered basalt, and some limestone is 
overlain by the Yager Formation, consisting of in- 
terbedded shale, graywacke, and conglomerate. 
The Wildcat Group is younger (Late Cenozoic in 
age) and consists predominantly of weakly lithified 
mudstones, along with weakly consolidated silt- 
stone, sandstone, conglomerate, and some inter- 
bedded limestone, tuff, and lignite. The Hookton 
Formation is younger still (Pleistocene in age) and 
is made up of continental and shallow marine de- 
posits of variable lithology. These sediments are 
characteristically yellow- orange in color and con- 
sist of gravels, sands, silts, and clays. The most 

recent deposits are river channel and floodplain 
deposits, beach and dune sands, tidal flat deposits, 
and landslide debris. These deposits are 5-7 m 
thick and consist mainly of gravel, sand, and silt 
deposited by the Mad and Eel rivers. 

Tectonics and Faulting 

Cape Mendocino, where the San Andreas fault 
bends abruptly and follows the seismically active 
Mendocino fracture zone, lies 50 km south of Hum- 
boldt Bay. It is one of the most seismically active 
areas of California and has been the location of 
several earthquakes that caused damage to the 
Humboldt Bay area tins century. 

Major structural patterns are chiefly controlled 
at Cape Mendocino. Regional north-south com- 
pression has resulted in a radial pattern of right- 
lateral strike-slip faults trending in a west-north- 
westerly direction towards the Gorda Basin. The 
Mad River fault zone and the Russ Fault-False 
Cape shear zone, both active, bound the Tertiary 
sediments of the Eel River syncline. 

Bay Morphology and Probable Formation 

As mentioned previously, Humboldt Bay con- 
sists of three subbays, each situated at the sea- 
ward end of one or more stream valleys (Fig. 1.1). 
Arcata Bay (North Bay), the largest subbay, has 
Jacoby Creek flowing into the northeast corner and 
Freshwater Creek flowing into the southeast cor- 
ner. Entrance Bay is found at the mouth of the Elk 
River valley; Salmon Creek flows into South Bay. 
The subbays are linked by relatively narrow chan- 
nels constricted between the valley interfluves on 
the east (Eureka area and Humboldt Hill) and the 
barrier spit on the west. A very short channel 
connects South Bay and Entrance Bay, while the 
relatively long (approximately 9.7 km) and narrow 
North Bay Channel connects Entrance Bay and 
North Bay. The north end of North Bay Channel 
forks at Indian Island; the west fork is called 
Samoa Channel and the east fork Eureka Channel. 
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Fig. 2.1. Intertidal mudflats in Arcata Bay. 

Arcata Bay and South Bay are characterized by 
three distinct morphologic subdivisions ("Thomp- 
son 1971). The first subdivision, approximately 
19% of the MHW area of Humboldt Bay, is tidal 
channel, which is the deepest part of the Bay, 
situated almost entirely below MLLW. The chan- 
nels shoal in an up-bay direction from as deep as 
9 m near the entrance to 2-3.5 m deep in the upper 
reaches of Arcata and South bays. There they form 
a complex tributary system and ultimately con- 
verge with the second morphologic subdivision, the 
intertidal mudflats, which occur as a more or less 
continuous apron around the flanks of Arcata and 
South bays. Mudflats are a dominant feature dur- 
ing periods of low tide (Fig. 2.1). The mudflats 
make up 77% of the MHW area of Arcata Bay, 81% 
of the MHW area of South Bay, and 65-70% of the 
total area of the bay. They extend from slightly 
below MLLW up to MHW, a relief of about 2 m. 
They are further subdivided morphologically into 
two fairly distinct parts: the high flats, which are 
steeper and run from MLLW to MHW; and the low 
flats, which are fairly flat and are found just below 
MLLW About 61 km2 of tidal mudflats are exposed 
at MLLW tidal levels or lower. The low flats are 
dissected by numerous small tidal gullies and are 
the regions of the most luxuriant growth of eel- 

grass, Zostera marina. Both low flats and eelgrass 
are most common in South Bay. The third mor- 
phologic subdivision is the salt marshes, which 
occur around the fringes of the tidal flats. Salt 
marshes currently cover approximately 4% of the 
Humboldt Bay area. 

Unlike the other two subbays, Entrance Bay 
does not have broad expanses of tidal flats (less 
than 10%) and the surface area remains approxi- 
mately constant over a tidal cycle. This is because 
Entrance Bay consists of a single deep channel 
with generally steep sides (Entrance Channel) 
that connects Humboldt Bay with the ocean. The 
channel is approximately 1,829 m long and 671 m 
wide at the seaward end and is flanked by twin 
jetties that extend 1,250 m offshore. 

Humboldt Bay is apparently a bar-built estuary, 
formed from three distinct coastal plain estuaries 
that have been linked by the growth of the North 
and South spits. The present shape of Humboldt 
Bay probably developed during and since the last 
rapid rise of sea level, which occurred between 
15,000 and 4,000 years B.E (before present). One 
possible scenario is as follows: at the beginning of 
this period, sea level was 100-200 m below the 
present level. The Elk River and Jacoby, Freshwa- 
ter, and Salmon creeks all likely flowed seaward of 
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their present extent and occupied valleys located 
at the present site of the bay. Prom approximately 
15,000 to 5,000 years B.E, sea level rose rapidly to 
within 5 to 10 m of its present position. As a result, 
the stream valleys became flooded, forming coastal 
plain estuaries over land that is now exposed (e.g., 
Sunnybrae and Arcata bottoms). The entire region 
extending from the McKinleyville Terrace in the 
north to Table Bluff in the south became a single 
open coastal embayment. As the rise in sea level 
slowed about 4,000-5,000 years B.E, the streams 
entering the arms of the embayment began push- 
ing the shoreline seaward by first depositing estu- 
arine and then deltaic sediment near their mouths. 
The Mad River, which may once have flowed into 
the embayment, is now separated from Humboldt 
Bay by the floodplain called Arcata Bottoms. Bar- 
rier islands extending across this coastal embay- 
ment were formed by wave activity concentrated 
along the shore seaward of its present position. 
With the subsequent rise in sea level, wave action 
moved the barrier island-spits and eroded the 
cliffs of the McKinleyville Terrace and Table Bluff 
to their present position. Eventually, a single bay 
entrance, approximately in the present location, 
was developed and maintained. 

Bottom Sediments 

Sediment Sources 

The sediments in Humboldt Bay are derived 
from three main sources: runoff, oceanic input, and 
biological activity. Biological activity is the least 
important of the three. The creeks and small rivers 
carrying sediments into the bay may produce local- 
ized effects (i.e., at the mouth of Jacoby Creek), but 
since the watershed leading directly into Hum- 
boldt Bay is quite small (approximately 578 km2), 
direct sediment input from runoff is also of limited 
importance. Much of the silt and clay in Humboldt 
Bay, and probably much of the sand as well, enters 
the mouth of the bay during flood tides. Thompson 
(1971) estimated a yearly oceanic sediment input 
of 5.4-6.7 x 106 m3 as compared to only 9.0 x 104 m3 

of sediment per year from rivers and creeks. Most 
of this oceanic sediment is probably derived indi- 
rectly from river sources, however, particularly the 
Eel River, which discharges 15 km south of the 
mouth of Humboldt Bay. The Eel River has one of 
the highest sediment yields per unit area in the 
world and has the highest sediment yield per unit 
area of any major drainages in the United States 
(Judson and Ritter 1964; Brown and Ritter 1971; 

Jones and Stokes Associates, Inc. 1981). The near- 
shore currents tend to be towards the north 
(Davidson Current) during periods of high runoff, 
when the sediment load in the Eel River is ex- 
tremely high. The Eel River plume is then carried 
into the bay during flood tides; Carlson (1973) has 
observed this from satellite imagery. Some of these 
sediments settle during the subsequent slack tide 
and remain in the bay. The Mad River, located to 
the north of Humboldt Bay, probably also contrib- 
utes sediments in the same fashion during periods 
of southward-flowing nearshore currents. But it 
does so to a much lesser degree because the sedi- 
ment load of the Mad is only about 9% of that of 
the Eel, and because the periods of southward flow 
do not tend to coincide with periods of high river 
runoff. 

Distribution Patterns 

Thompson (1971) produced the most complete 
description of the Humboldt Bay sediments (Figs. 
2.2 and 2.3). Boyd et al. (1975) and Burdick (1976) 
provided additional information on sedimentation 
rates and the composition of the channel sedi- 
ments. Thompson noted that the textural vari- 
ations of the surface sediments are generally cor- 
related with the morphologic subdivisions of the 
bay floor (tidal channels, mudflats, and salt 
marshes). 

The sediment distribution pattern is produced 
mainly by tidal currents (Thompson 1971). The 
coarsest sediments are found in the channels near 
the mouth of the bay, where tidal currents scour 
the bottom and leave only coarse sands, gravels, 
and shell fragments. The sediments decrease in 
size as one moves up the channels and onto the 
mudflats because of reduced current activity and 
because fine sediments settle more slowly than 
coarse sediments. In addition, sediment from run- 
off may influence the grain size distribution in 
certain areas of the bay. This is most noticeable at 
the mouth of Jacoby Creek in the northeast corner 
of Arcata Bay, where the sediments are an even 
mixture of sand, silt, and clay (Thompson 1971; 
Figs. 2.2 and 2.3). 

Once sediments are deposited, wind plays a role 
in redistributing them. Certain areas of the bay are 
protected from wind waves by the short fetch for 
north and northwest winds and therefore tend to 
have fine-grained (silty clay) sediments. Other ar- 
eas, such as the south and east margins of Arcata 
Bay, tend to have slightly coarser-grained sedi- 
ments (clayey silt) because the fetches leading into 
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Fig. 2.2. Sediment distribution in Arcata 
Bay (from Thompson 1971). 

Feet 

them are sufficiently long to allow formation of 
wind waves capable of resuspending the finer sedi- 
ments. The resuspended sediments are then trans- 
ported away from these areas by tidal and wind- 
generated currents. The finest sediments (silty 
clays) are found around the wind- and wave-pro- 
tected margins of the mudflats and in the salt 
marshes (Figs. 2.2 and 2.3). Thompson (1971) 
noted organic concentrations as high as 80% in 
marsh sediments. Material that is not immedi- 
ately added to the bay is often buried and com- 
pressed, forming peat deposits. 

Overall, the sediments in Arcata Bay tend to be 
finer than those in South Bay. There are a number 
of factors contributing to this difference. First, 
sediments in estuaries tend to become finer with 
distance from the mouth because of decreased 
flushing rates (less disturbance of the bottom) and 

the fact that fine particles have slower settling 
velocities than coarse particles. Arcata Bay, lo- 
cated at the end of a relatively long channel, is 
farther from the bay mouth and so receives less 
sediment but proportionately more clay than 
South Bay, which receives considerable amounts of 
silt and clay. Second, sediments in estuaries also 
tend to become finer with decreasing water depth, 
and Arcata Bay has relatively more high flats than 
South Bay. 

The low flats of South Bay are covered with finer 
sediments than the low flats of Arcata Bay. Thomp- 
son (1971) attributed this mainly to oyster harvest- 
ing, which takes place in Arcata Bay but not in 
South Bay. The harvesting resuspends the sub- 
strate of the low flats, allowing fine sediments to 
be preferentially removed. In addition, coarse shell 
material is added to the low flats as part of the 



12   BIOLOGICAL REPORT 1 

Fig. 2.3. Sediment distribution in South 
and Entrance bays (Thompson 1971). 

oyster-culturing process. The dredging operations 
associated with oyster harvest have probably de- 
creased the distribution and amount of eelgrass on 
the low flats in Arcata Bay (Waddell 1964; Keller 
and Harris 1966; Thompson 1971; Harding and 
Butler 1979); the low flats of South Bay have 
extensive eelgrass stands, which slow the current 
action and trap fine sediments. 

Modification of Bay Morphology 

The change in sediment distribution associated 
with oyster harvesting is but one example of how 
human activities in and around Humboldt Bay 
have changed the character of the bay during the 
last 100 years (Waddell 1964; Thompson 1971). 
The installation of jetties at the entrance of Hum- 
boldt Bay and the dredging of the channels to 
improve ship access and navigation have changed 
the circulation and sedimentation patterns in the 
bay (Noble 1971; Bequegnat 1988). Diking and 
filling in much of the salt marsh in both Arcata and 
South Bays have resulted in changes in circulation 

and nutrient cycling. In addition, deforestation in 
the watersheds of the bay and of the Mad and Eel 
rivers has dramatically increased the input of sedi- 
ment into the bay by accelerating erosion of the 
surrounding fields, streambanks, and shores 
(Thompson 1971). 

Jetties 

The northern California coast is noted for its 
rugged features and rough seas. As the only deep- 
water harbor between San Francisco Bay and Coos 
Bay, Oregon, Humboldt Bay provides important 
shelter to marine vessels, especially during rough 
weather. Despite the construction of two jetties 
(Fig. 1.3), the entrance to Humboldt Bay remains 
quite dangerous to navigate (Bascom 1980). 

The building of jetties at the mouth of Humboldt 
Bay was first proposed as part of the Rivers and 
Harbors Act in 1884, and the first jetties were 
completed in 1899 (Noble 1971). The south jetty 
deteriorated to the point where it had to be rebuilt 
between 1911 and 1915, and the north jetty had to 
be rebuilt shortly thereafter (Bascom 1980). The 
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work was completed in 1927, but further repairs 
were needed by 1932 and again in the 1940's. After 
the heavy storms of the "El Nino" year of 1957-58, 
the jetties needed to be repaired again, and yet 
again after the winter storms of 1964-65. In 1971 
there was a major rehabilitation of both jetties involv- 
ing the placement of 246 reinforced concrete dolosses 
at the ends of the jetties (U.S. Army Corps of Engi- 
neers 1976). These 38-t dolosses have a shape de- 
signed to absorb wave energy and to resist movement, 
but they tend to promote water currents that cause 
scouring at the ends of the jetties and subsequent 
settling of the structure. The ends of the jetties were 
built up by placing additional dolosses on top of the 
others in 1987, but it is likely that settling of the 
dolosses will be a continuing problem. 

Dredging 

In 1881 Congress authorized the Corps to 
dredge a navigation channel in Humboldt Bay 
extending to Eureka and the Arcata wharf (Uni- 
versity of Washington 1955; Reilly 1966). The work 
was performed in 1881 and 1882. All subsequent 
dredging has involved the deepening and widening 
of existing channels (Reilly 1966). Entrance Chan- 
nel, North Bay Channel, Samoa Channel, and 
Eureka Channel are currently the principal com- 
mercial waterways of North Bay and are main- 
tained by the Corps to depths of 7.9-10.7 m. Only 
one channel in South Bay, the Fields Landing 
Channel (Hookton Channel), is used commercially 
and maintained by the Corps. This channel was 
first dredged in 1883. 

Prior to 1976, an average of 6.2 x 105 m3 of 
sediment was removed from Humboldt Bay yearly 
because of ongoing widening and deepening of the 
channels (Thompson 1971; U.S. Army Corps of 
Engineers 1976). Between 1977 and 1982, between 
4 x 105 and 8 x 105 m8 of sediment were periodically 
removed from the bay and disposed of at the off- 
shore disposal site (Borgeld and Pequegnat 1986). 
There has also been periodic dredging in the vicin- 
ity of Woodley Island Marina on the Eureka Inner 
Reach; the most recent was during the spring of 
1988. 

Diking and Filling 

Extensive areas around Eureka and Arcata to 
the north and east of the bay are lowlands, consist- 
ing of creek and river floodplains and former tidal 
marshes that were drained and converted to agri- 
cultural uses. Due to diking, the salt marshes 
around Humboldt Bay were reduced from approxi- 
mately 2,833 ha to about 393 ha (10-15% of the 
original area; Fig. 2.4), decreasing the tidal prism 
of the Bay and markedly changing fish and wildlife 
habitat (Shapiro and Associates, Inc. 1980). 

Numerous parts of the bay have also been filled 
for various reasons. Bracut Lumber and Arcata 
Redwood created the most notable fills on the 
eastern perimeter of Arcata Bay by using fill dirt 
from a hill in the Bracut area. The site of Mid-City 
Motors and the Murray Field Airport, also on the 
eastern side of Arcata Bay, are other regions that 
have been created by filling parts of Humboldt 
Bay. 

Fig. 2.4. Decrease in Humboldt Bay 
marshland distribution from 1897 to 
1973 caused by diking (MacDonald 
1977). 
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Other human activities have added sediments 
to Humboldt Bay as well. For example, wood frag- 
ments from various timber industry operations 
located on the shores of the bay are present in the 
bay water and are probably common in the sedi- 
ments. Riprap, sand, and other construction ma- 
terials used in levees, bulkheads, and other struc- 
tures may also become estuarine sediments. 
There are presently 25 to 50 million oysters being 
raised in Arcata Bay and Mad River Slough. As 
previously mentioned, oyster harvesting opera- 
tions are believed to have increased the grain size 
of the sediments on the low flats in Arcata Bay by 
adding shell fragments, reducing the amount of 
eelgrass, and resuspending the fine sediments. 
The harvesting process also disturbs the benthic 
communities. 

Erosion and Deposition 

Certain areas within Humboldt Bay are under- 
going active erosion or accretion. Some of the 
erosion and deposition is naturally occurring, but 
some can be attributed directly to human modifi- 
cation of the natural system. For example, the 
building of jetties and dredging of Entrance Chan- 
nel have significantly changed the morphology of 
Humboldt Bay, even in areas not directly modified 
by these projects. These projects have been corre- 
lated with high-energy waves in Entrance Bay 
and concentrated tidal currents that have almost 
completely eroded Red Bluff (next to the power 
plant in the King Salmon area) and Buhne Point 
(Tuttle 1982). To arrest this erosion, a project 
involving the placement of groins (small jetties) 
and the addition of sand between the groins was 
recently completed. Another example of the effect 
of jetties and the resultant wave patterns in En- 
trance Bay is the northward growth of the Elk 
River spit. The Elk River previously emptied into 
the center of Entrance Bay, but it now enters to 
the north in North Bay Channel (Fig. 1.1). This 
spit is still growing. 

The salt marshes along the bay margins and on 
Indian Island are also undergoing active erosion. 
Thompson (1971) indicated that the marshes in the 
southeast corner of Arcata Bay adjacent to the 
Eureka Slough retreated at an average rate of 
0.6-1.2 nvyear from 1911 to 1966, primarily be- 
cause of wave action. However, the marshes adja- 
cent to McDaniel Slough and Jacoby Creek showed 
no erosion during the same time period. This is 
probably due to the protection from significant 
wave action in the McDaniel Slough area and the 

relatively high sediment input from Jacoby Creek, 
which is actively building an outwash fan on the 
high flats in tins area. In South Bay, the northward 
migration of sand has resulted in sediment accu- 
mulation to form an east-trending recurved spit on 
the bayward side of South Jetty. This sediment 
may also contribute to the shoaling of Fields Land- 
ing Channel and the shoal lying across the north 
end of Southport Channel. 

Climate 

The Humboldt Bay region typically has two 
distinct seasons. The fall and winter season is mild 
but wet, characterized by a series of storms pass- 
ing through the area; spring and summer is cool 
and dry, with fog in the summer. The monthly 
mean temperature varies by only 5.2° C through 
the year (Fig. 2.5), being lowest in January (8.5° C) 
and highest in August (13.7° C). 

The Humboldt Bay region is noted for high 
precipitation; however, because most days during 
the winter receive little rainfall, the high precipi- 
tation is associated with occasional storms (Fig. 
2.6). Eighty-five percent of the precipitation in the 
area usually occurs during a 7-month period from 
mid-October to mid-May (Elford and McDonough 
1974). The annual precipitation in Eureka, located 
on Humboldt Bay, averages 97.8 cm, which is the 
lowest amount recorded for Humboldt County (El- 
ford and McDonough 1974). Mean annual precipi- 
tation for the Humboldt Bay area is indicated in 
Fig. 2.7. This value more than doubles as one 
moves into the coastal and inland mountain val- 
leys of the area; however, since the drainage basin 
leading into Humboldt Bay is quite small 
(578 km2), runoff entering the bay is episodic and 
small (Jones and Stokes Associates 1981). 

Fall and winter storms are spawned in the region 
of the Aleutian Low and travel through the Hum- 
boldt Bay area from west to east. These low-pres- 
sure storm systems, characterized by cyclonic 
(counterclockwise in the northern hemisphere) cir- 
culation, result in intense winds from the south and 
southwest as the storm passes through the area. 
Between the winter storms, the winds tend to be 
less intense and frequently come from the north 
and northwest (Pequegnat and Hodgson 1976). 

During the spring and summer, the Aleutian 
Low disappears as the North Pacific High moves 
in to dominate the North Pacific. Since wind travel 
is anticyclonic (clockwise in the northern hemi- 
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Fig. 2.5. Average daily maximum and 
minimum air temperatures, by month, 
and mean percent days of heavy fog 
(visibility 1/2 mile or less), by month, 
Eureka, California, 1941-70 (from 
USDC 1977). 
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sphere) around high pressure systems, the prevail- 
ing winds during the spring and summer tend to 
be from the north and northwest. These northwest 
winds, though persistent, tend to increase in veloc- 
ity in the early afternoon and die in the late eve- 
ning (Fequegnat 1975). They are caused by the 
interaction of two pressure systems: the North 
Pacific High and a thermal low in the central valley 
of California caused by local heating of the land 
during the day and a concomitant rise of the valley 
air. The winds have a diel nature because of the 
daily heating of the central valley. They persist 
through the night, although at lower intensity, 
because the North Pacific High is a semiperma- 
nent feature. 

Coastal upwelling results from north and north- 
west winds in the Humboldt Bay region. Although 
it can occur during any time of the year, upwelling 
is most intense during the spring and tends to 

taper off during the summer as the responsible 
winds decrease in intensity. Since upwelling brings 
cold water from depth to the surface in the near- 
shore region, coastal fog is common during this 
period. Fog is more common during the summer 
and early fall than in spring since the winds are 
less intense, allowing the air to cool and water 
vapor to condense as the air mass moves over the 
area (Fig. 2.5). However, dense coastal fog can 
occur in the Humboldt Bay region during any time 
of the year. 

Hydrology 

Freshwater Input 

The drainage basin affecting Humboldt Bay is 
quite small for a bay of this size, approximately 
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Fig. 2.6. Daily precipitation in Eureka, California, October 1974 to March 1975. Total precipitation in inches for 
each storm is noted (from Proctor et al. 1980). 

578 km2 (less than 1% of the Eel River watershed 
located south of Humboldt Bay), of which 62.4 km2 

is represented by the bay itself. Of the fresh water 
entering Humboldt Bay, 12% falls as precipitation 
directly on the bay, 85% is river drainage into 
Arcata Bay and North Bay Channel (Elk River); 
and the remainder is runoff into South Bay. The 
major rivers in the region do not drain into Hum- 
boldt Bay. Fresh water enters from point sources 
via Jacoby Creek, Elk River, Freshwater-Eureka 
Slough, McDaniel Slough, Mad River Slough (not 
associated with the Mad River), and other small 
sloughs and creeks (Costa 1984). The Mad River 
apparently has not flowed naturally into Hum- 
boldt Bay in historic times (although a canal to 
transport logs was built and maintained for a short 
period in the late lcKXXs) except during floods, 
when it spills over into Mad River Slough and thus 
into the bay. 

The amount of runoff fluctuates widely and rap- 
idly (as much as a 100-fold difference in 2 days), 

depending on precipitation. The volume of monthly 
runoff follows monthly precipitation quite closely: 
runoff is high from November to April and is lowest 
during the late summer. The only exception is at the 
beginning of the rainy season in fall, when the soil 
of the drainage basin retains a higher percentage 
of the precipitation following the summer drought. 

Freshwater discharges into the bay are minor 
influences in terms of hydrology or hydraulics 
(Costa 1984). Thompson (1971) estimated the an- 
nual flow for Jacoby Creek at 1.31 x 107 m3, Elk 
River at 7.31 x 167 m3, and Freshwater and Salmon 
creeks at 9 x 104 m3. The U.S. Army Corps of 
Engineers (1977) estimated the maximum flows 
for Jacoby Creek to be 21 m /sec and Elk River to 
be 43-97 m3/sec. Musselman et al. (1978) esti- 
mated flow through the mouth of the Bay to be 
3,450 m3/sec (tide stage not indicated). Thus, run- 
off represents very little of the daily tidal exchange 
in the bay and can therefore have only a localized 
and transient effect on its hydrography. 
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Fig. 2.7. Mean annual precipitation 
(inches), Humboldt Bay environs (from 
Proctor et al. 1980). 

Tides and Flushing Characteristics 

The tides in Humboldt Bay are characterized 
by a semidiurnal inequality; that is, successive 
high or low tides have different elevations (Fig. 
2.8). On extreme tides this inequality may amount 
to as much as a 1.2 m difference in successive lows 
or a 0.8 m difference in successive highs (National 
Oceanographic and Atmospheric Administration 
1988). Mean tide range and mean tide level in- 
crease with distance from the inlet into Arcata 
Bay, but not significantly in South Bay (Costa 
1984). The tide moves more slowly into Arcata Bay 
than South Bay. In addition, low tide at Eureka 
lags significantly behind low tide at Samoa. Fi- 
nally, the mean tidal range appears to have in- 
creased at several stations within the bay over the 
last 60 years. This increase may have resulted 
from the deepening of the channels, which could 
increase the volume of water flowing through 
them (Costa 1984). The general warming of the 
ocean and subsequent worldwide rise in sea level 
may cause tide-related flooding problems in the 

low-lying regions of the bay in the next few dec- 
ades. 

The three subbays differ significantly from 
each other in terms of hydrography; the differ- 

Fig. 2.8. Mean tide curve for South Jetty, Humboldt Bay 
(Costa 1982). 
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ences are mostly related to the degree of isolation 
from nearshore waters. Both South Bay and Ar- 
cata Bay have extensive mudflats with a complex 
pattern of channels (Figs. 2.2 and 2.3); conse- 
quently each of these subbays has a large tidal 
prism (Table 2.1). From MHW to MLLW, the vol- 
ume of South Bay changes from 3.70 x 107 to 1.24 
x 107 m3 (while the area increases from 1.83 x 107 

to 7.1 x 108 m2). This yields an average tidal prism 
of 60% of the MHW volume. Arcata Bay changes 
in volume from 8.51 x 107 to 4.80 x 107 m3 and in 
area from 3.45 x 107 to 1.19 x 107 m8, resulting in 
an average tidal prism of 44%. Gast and Skeesick 
(1964) estimated that 44% of the Arcata Bay wa- 
ters are replaced each lunar day (41% for the 
entire bay) and that 99% replacement takes ap- 
proximately 7 lunar days or 14 tidal cycles. Gast 
and Skeesick (1964) estimated 15 tidal cycles (7.5 
lunar days) for complete replacement, but noted 
that flushing time varies considerably with tidal 
prism and freshwater input. These estimates, 
based on a simple model that assumes consider- 
able mixing within the bay, suggest that the flush- 
ing rate is rapid compared with other bays. How- 
ever, the flushing rate appears to vary with 
distance from the mouth and the volume of the 
joining channels. Costa (1981), using a model 
based on tide height distributions, estimated the 
flushing time of the relatively isolated Mad River 
Slough to be nearly 85 tidal cycles, while Casebier 
and Toimel (1973) estimated the flushing time for 
the major channels in Arcata Bay to be 2.1 tidal 

cycles; their estimate was based on the move- 
ments of drogues within the channels. 

The waters of Arcata Bay and South Bay do not 
rapidly assume the character of the nearshore 
waters, as would be expected with complete mixing 
and large tidal prisms; rather, the bay waters are 
sufficiently isolated from the nearshore and the 
flushing time is such that the bay waters take on 
chemical and biological characteristics of their 
own, including separate zones within the bay itself 
(Beittel 1975; Bequegnat and Butler 1982). For 
example, Zooplankton communities in the subbays 
differ from each other and from those in the near- 
shore waters (Bequegnat and Butter 1982; J. E. 
Fequegnat and N. Haubenstock, Department of 
Oceanography, Humboldt State University, Ar- 
cata, Calif., unpublished data). Also, the gradients 
of several chemical and physical parameters 
within the bay, including temperature and salinity, 
show that the waters nearest the bay mouth at low 
tide most closely assume the characteristics of the 
nearshore (J. Brandes and J. E. Fequegnat, De- 
partment of Oceanography, Humboldt State Uni- 
versity, Arcata, California, unpublished data), and 
confirm that some of the peripheral areas within 
the bay do not flush as rapidly as the main chan- 
nels. This effect is especially pronounced in Arcata 
Bay because it is isolated from the nearshore by a 
long, deep channel (North Bay Channel) with a 
volume similar to the tidal prism, which inhibits 
the flushing process. South Bay, having a much 
less extensive channel system and being connected 

Table 2.1. General characteristics of Humboldt Bay (Shapiro and Associates, Inc. 1980). 

Characteristic South Bay Entrance Bay Arcata Bay Humboldt Bay 

Area, 107m2, MLLW» 

Area, 107m2, MHW* 

Volume, 107m3, MLLW 

Volume, 107m3, MHW 

Tidal prism, 107m3 

Tidal prismyVol., MLLW 

Tidal prism/Vol., MHW 

Average depth, m 
7    S Annual river discharge, 10 m 

River discharge/vol., MLLW 

River discharge/tidal prism 

0.71 0.73 1.19 2.63 

1.83 0.79 3.45 6.07 

1.24 3.21 4.80 9.25 

3.70 4.44 8.51 16.65 

2.46 1.23 3.71 7.40 

1.98 0.38 0.77 0.87 

0.66 0.28 0.44 0.44 

1.70 6.10 4.00 3.50 

3.20 0 26.40 31.60 

2.60 0 5.90 3.40 

1.30 0 7.12 4.27 
a Mean lower low water (0 feet). 
b Mean high water (5.7 feet). 
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to the nearshore waters by a much shorter chan- 
nel, has a shorter flushing time and more closely 
assumes the characteristics of the nearshore envi- 
ronment (Pequegnat and Butler 1982). 

Even within Arcata Bay and South Bay, mixing 
appears to be limited; the waters of these subbays 
are found in two well developed compartments 
(Beittel 1975; Pequegnat and Butler 1982). Bay 
compartment water is found over the mudflats at 
high tide and moves into the channels at low tide. 
Nearshore compartment water consists of near- 
shore water advected into the channels during 
flood tide; it is found in the channels at high tide 
and is advected offshore during ebb tide. Because 
conditions in the nearshore fluctuate dramatically 
between upwelling and nonupwelling periods (in a 
matter of days), the waters of these subbays are 
continually approaching, but seldom reaching, 
some sort of equilibrium (J. Brandes and J. E. 
Pequegnat, unpublished data). 

In contrast to the waters of the other subbays, 
the water in Entrance Bay is quite transient and 
well mixed. It appears that Entrance Channel and 
Entrance Bay function as mixing areas, receiving 
water through the bay mouth and from North Bay 
Channel (Arcata Bay) and South Bay (Beittel 
1975; Costa 1982). This region is an extremely 
energetic area; water entering Entrance Bay is 
probably vigorously mixed before being transported 
north, south, or west. Turbulence causes mixing in 
this location as nearshore water enters the bay 
during flood tide and impinges on the shallow area 
on the east side of Entrance Bay, sending a diver- 
gence to the north and south along the eastern 
shore. Much, if not all, of the vertical stratification 
of the nearshore water column is disrupted by tur- 
bulent water rushing into Entrance Channel and 
Entrance Bay. Because the subsurface nearshore 
water is usually colder than the surface water, this 
mixing results in water temperatures within the 
bay which are 0.2-0.3° C lower than the nearshore 
surface temperatures. 

Currents and Circulation 

The circulation of Humboldt Bay is almost com- 
pletely tidally driven (Costa 1982,1984). The large 
change in volume with tide results in a very ener- 
getic system with high-velocity tidal currents and 
considerable vertical mixing in the channels. Fresh 
water, normally an important driving force in estu- 
aries, has little influence because freshwater input 
to Humboldt Bay is episodic and small relative to 

the tidal prism of each subbay (Table 2.1). The total 
annual freshwater input to Humboldt Bay is ap- 
proximately equal to the exchange during only four 
tidal cycles (approximately 2 days). 

The basic circulation pattern in Humboldt Bay 
is fairly straightforward and has been described by 
Gast and Skeesick (1964; Fig. 2.9). The currents 
follow the major channels, are strongest in the 
channels, and decrease with increased distance 
from the bay mouth. Gast and Skeesick (1964) 
noted little change in velocity with depth in the 
water column, with the exception that surface wa- 
ters moved slightly faster than the deep waters. 
R. L. Beittel and J. E. Pequegnat (Department of 
Oceanography, Humboldt State University, Ar- 
cata, California, unpublished data) and Pequegnat 
and Butler (1982) found that the nearshore water 
moved up the axis of North Bay Channel and 
intruded into the channels of Arcata Bay when the 
tidal change was greater than 1.8 m. They found 
that the water moved in the major channels ap- 
proximately 1.6 km per 0.3 m of tidal change. 

There is relatively little current velocity data. 
J. E. Pequegnat and M. C. Landsteiner (Department 
of Oceanography, Humboldt State University, 
Arcata, California, unpublished data) found peak 
current velocities to be approximately 1.3 
m/sec in North Bay Channel, 1 m/sec at the 
entrance to South Bay, and slightly faster than 
1.7 m/sec in Entrance Channel. Beech (1977) stud- 
ied the currents in Eureka Slough and in North 
Bay Channel leading to Arcata Bay. He found peak 
velocities of 0.5 m/sec in the channel between 
Eureka and Woodley Island adjacent to the ma- 
rina (Eureka Inner Reach); the channels between 
Woodley Island and Indian Island had peak veloci- 
ties of 0.75 m/sec. Beech (1977) found that 75% of 
the water entering and exiting Arcata Bay passed 
through Samoa Channel. The velocity pattern and 
volume transport for the various channels is not 
well understood (Costa 1982). 

The most dangerous currents undoubtedly oc- 
cur in the Entrance Channel, particularly during 
outgoing tides, when the water leaving the Bay 
interacts with the incident ocean waves. The Pa- 
cific Northwest experiences the most severe wave 
conditions in the continental United States (Costa 
1984). It is not uncommon for waves to break 
across the entire bay mouth during such times, 
especially during spring tides when the tidal range 
is large. The hazard is further increased by the fact 
that the waves offshore are often so large that they 
break over the jetties. 
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*■ Flood currents 
> Ebb currents 

Fig. 2.9. Ebb and flood tidal current 
patterns for the major channels in 
Humboldt Bay (from Costa 1982). 

Physicochemical Aspects 
Because of the presence of both nearshore com- 

partment waters and bay compartment waters in 
each subbay, the water characteristics in Hum- 
boldt Bay at a given point change dramatically 
with tidal stage and are determined by a combi- 
nation of processes occurring in the nearshore 
(e.g., upwelling), in the bay itself (e.g., evapora- 
tion), and episodically on the land surrounding the 
bay (e.g., runoff from the small watershed). The 
extensive movement of water in the channels with 
the ebb and flood of the tides results in turbulent 
mixing, which rapidly breaks down any vertical 
stratification in the channels of the bay; however, 
horizontal gradients up the channel axes separate 
the nearshore compartment waters from the bay 
compartment waters (note movement of the 11° C 
isotherm in Figs. 2.10 and 2.11). These gradients 
are seen in temperature, salinity, and nutrient 

and chlorophyll concentrations, with the wafer 
near the bay mouth at low tide being most similar 
to, but still distinct from, the conditions in the 
nearshore (Beittel 1975; Pequegnat and Butler 
1982; J. Brandes and J. E. Pequegnat, unpub- 
lished data). 

Seasonal Changes in the Nearshore 
Water 

The coast of northern California is noted for 
upwelling, but there are actually three basic 
oceanographic conditions, with associated water 
types, possible in the nearshore environment. 
These conditions are dictated by the winds, and 
the vagaries of the winds are such that any of 
these conditions can occur at any time of the year. 

Upwelling periods. These periods, common dur- 
ing spring and early summer, are characterized by 
strong winds from the north and northwest and a 
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southerly current set. High nutrient concentra- 
tions, low oxygen concentrations, low water tem- 
peratures, and moderately high salinities are 
found in the nearshore waters during upwelling 
periods. 

Low wind periods. Such periods, with light 
winds from no predominant direction, are com- 
mon in late summer and early fall. During these 
periods, the California Current, normally offshore 
with a slow southerly set, moves closer to shore 
and brings low nutrient concentrations, high tem- 
peratures, and moderate salinities to the near- 
shore environment. 

Stormy periods. These are common in late fall 
and winter and are characterized by strong south 
and southwest winds and a northerly current set 
(the Davidson Current). During these periods the 
nearshore water is characterized by low salinities, 
high sediment loads, moderate nutrient concentra- 
tions, and oxygen saturation. 

Pirie and Steiler (1977) have given names to 
three hydrographic seasons as follows: the upwel- 
ling period from March to August, the oceanic 
period from August to November, and the David- 
son Current period from November to March. Al- 
though these periods are characterized by the 
hydrographic conditions given for upwelling, 
stormy, and low wind periods, their divisions are 
statistically derived and the conditions can 
change rapidly any time of the year. In the spring 
and summer, for example, the characteristics of 
the nearshore water have been observed to rapidly 
oscillate from those associated with upwelling pe- 
riods to those associated with nonupwelling peri- 
ods and back within a few weeks (Pequegnat 1975; 
Pequegnat and Butler 1982; J. Brandes and J. E. 
Bequegnat, unpublished data). In late January of 
most years, there is a calm period when conditions 
more typical of the oceanic period are observed. 
During a drift-card study of the nearshore cur- 
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Fig. 2.10. Temperature, chlorophyll (black bar), and productivity distribution (white bar) at low and high tides in 
channels from Humboldt Bay entrance into Arcata Bay, 8 August 1975. Station HB1 is marker buoy 1 nmi off 
shore; station 0.0 is at mouth of Humboldt Bay; and all other stations are indicated by distance in nautical miles 
up bay from mouth (Pequegnat and Butler 1982). 
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Fig. 2.11. Temperature, chlorophyll (black bar), and productivity distribution (white bar) at low and high tides in 
channels from Humboldt Bay entrance into Arcata Bay, 4 September 1975. Station HB1 is marker buoy 1 nmi 
off shore; station 0.0 is at mouth of Humboldt Bay; and all other stations are indicated by distance in nautical 
miles up bay from mouth (Fequegnat and Butler 1982). 

rents conducted in 1975, all three oceanographic 
conditions were observed in the nearshore within 
a 6-week period (Pequegnat and Hodgson 1976). 

Temperature and Salinity Patterns 

The temperature of the nearshore waters of 
northern California has a normal range of 9-14° C, 
with occasional episodes of up to 2° C outside this 
range. The range of temperatures in Humboldt Bay 
is considerably wider, from 9° C to more than 20° C 
(Ftequegnat and Butler 1982; J. Brandes and J. E. 
Pequegnat, unpublished data). Nearshore and bay 
salinities range from less than 25 parts per thou- 
sand (ppt) during periods of high runoff to greater 
than 34 ppt when deeper water is advected to the 
surface during periods of intense upwelling. In both 
cases the lower salinities are associated with peri- 
ods of moderate runoff, but higher salinities are 
associated with periods of high evaporation rather 

than upwelling. Of course, the distribution of proper- 
ties within the bay depends greatly on the stage of the 
tide, and the patterns of temperature and salinity in 
the nearshore waters and in Humboldt Bay can vary 
rapidly with changing wind regimes. Nevertheless, 
sampling at various locations in the bay (Fig. 2.12; 
Tables 2.2 and 2.3) has indicated patterns associ- 
ated with nearshore hydrographic conditions (upwel- 
ling and low wind [nonupwelling]). 

Upwelling periods. During upwelling periods, 
the nearshore water temperature drops to below 
11° C and the salinity rises to over 33 ppt. During 
intense upwelling periods the sea surface tempera- 
ture may drop to less than 8° C, with salinities 
greater than 34.1 ppt. Since upwelling is associated 
with north and northwest winds and clear skies, 
runoff is low, and evaporation within the Bay tends 
to be high. During these periods there is a marked 
increase in temperature with distance up the main 
channels of Humboldt Bay (Figs. 2.10 and 2.11; 
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Arcata 

Humboldt Bay 
California 

1 kilometer 

Fig. 2.12. Location and designation of Humboldt Bay 
physicochemical sample stations. Data are presented 
in Tables 2.2 and 2.3 and Fig. 2.15 (Fequegnat and 
Butler 1981). 

Tables 2.2 and 2.3) and the salinity tends to be high 
throughout the Bay (i.e., more than 33.6 ppt). 

Low windperiods. During periods of calm wind, 
the warm surface water offshore tends to move 
onshore. Concurrently, the sea surface tempera- 
ture typically rises higher than 13° C and the 
salinity is usually less than 33.5 ppt. The waters 
may be vertically stratified with respect to both 
temperature and salinity. During periods of low 
wind in the late summer and fall, both the tem- 
perature and salinity tend to increase up the chan- 
nel axes of each subbay; conversely, when the 
winds subside in winter, both temperature and 
salinity decrease up the channel axes. 

Stormy periods. Because the northerly flowing 
Davidson Current is associated with winter storms, 
the nearshore surface waters tend to be cool (less than 
11° C) with low salinity (less than 32 ppt) because of 
high runoff. The nearshore waters also tend to be 
highly stratified, primarily because of vertical salin- 
ity gradient. Since this stratification tends to be de- 
stroyed by turbulent mixing in the channels of the 
bay, the salinity of the bay waters tends to be higher 
(greater than 33 ppt) than the nearshore surface 
waters. Runoff can cause stratification within the bay 
compartment waters, but because of the relatively 
small amount of runoff entering the bay and turbu- 
lent mixing, the bay compartment waters are strati- 

Table 2.2. Temperature, salinity, Secchi depth, dissolved oxygen, pH, and chlorophyll-a. measurements 
during upwelling and nonupwelling conditions in Humboldt Bay, June and September 1980 
{Fequegnat and Butler 1981). 

Distance from Secchi Dissolved oxygen 
bay mouth Temperature Salinity depth Saturation Chlorophyll-a 

Station8 (km) (°C) (ppt) (m) (mVL) (%) pH (mg/L) 

26 June 1980 (nonupwelling) 

NH 5.6 15.5 33.48 1.10 4.35 76 8.37 6.04 
SP 5.6 15.2 33.53 1.10 4.29 75 8.42 5.59 
OS -1.6b 12.4 33.34 4.00 4.17 69 8.33 13.27 
MC 7.4 15.7 33.47 1.00 3.24 57 8.13 11.38 
SC 11.1 17.3 33.29 0.90 2.93 53 8.01 6.38 
vw 12.6 — 33.54 0.80 2.60 — 8.03 5.90 

24 September 1980 (upwell ing) 

NH 5.6 14.2 33.48 1.00 2.04 35 7.97 2.31 
SP 5.6 13.3 — 1.44 1.96 — 7.95 — 
OS -1.6b 10.9 33.46 2.20 1.75 28 7.92 3.40 
MC 7.4 15.3 33.66 1.40 2.00 35 7.94 3.54 
SC 11.1 16.4 33.68 1.00 1.61 29 7.98 3.16 
yw 12.6 16.9 33.80 1.30 2.17 39 7.96 2.90 

8 See Fig. 2.12 for station locations. 
Nearshore station approximately 1.6 km offshore. 
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Table 2.3. Temperature, salinity, Secchi depth, dissolved oxygen, pH, and chhrophyll-a measurements during 
upwelUng and nonupwelling conditions in Humboldt Bay, July 1986 (J. Brandesand J. E. Pequegnat, 
Department of Oceanography, Humboldt State University, Arcata, California, unpublished data). 

Distance from Secchi Dissolved oxygen 
bay mouth Temperature Salinity depth Saturation Chlorophyll-a 

Station* (km) (°C) (PPt) (m) (mVL) (%) PH (mg/L) 

10 July 1986 (upwelling) 

SH 7.1 17.2 33.76 0.90 4.93 90 8.09 3.50 
NH 5.6 16.2 33.76 1.00 5.10 91 8.10 3.41 
SP 5.6 14.7 33.70 1.15 5.48 95 8.09 3.50 
CG 3.3 15.2 33.71 1.30 2.41 42 7.91 4.48 
MC 7.4 16.8 33.76 1.10 4.58 83 7.95 3.31 
SC 11.1 17.6 33.85 1.00 4.77 88 7.95 3.50 
BT 13.0 17.3 33.87 0.90 4.75 87 7.93 3.71 
SI 15.0 18.0 33.95 0.75 4.36 81 7.83 4.16 
l/w 12.6 18.3 34.06 0.90 4.73 88 8.06 3.49 
TB 0.& 9.8 33.52 3.10 5.12 80 7.83 2.59 

24 July 1986 (nonupwelling) 

SH 7.1 14.6 33.84 0.80 5.19 90 7.92 1.55 
NH 5.6 13.7 33.83 0.90 5.03 85 7.96 1.54 
SP 5.6 13.0 33.80 1.15 5.53 93 7.96 1.23 
CG 3.3 14.9 33.93 1.15 5.32 93 7.97 2.45 
MC 7.4 16.3 34.07 1.00 5.12 92 7.98 1.06 
SC 11.1 17.1 34.13 1.25 5.05 92 7.80 0.88 
BT 13.0 17.2 34.19 0.90 4.96 91 7.99 0.88 
SI 15.4 17.3 34.14 0.70 3.81 70 7.81 0.65 
yw 12.6 17.4 34.35 1.10 4.93 91 8.02 0.50 
TB 0.0b 12.6 33.67 1.75 7.40 123 8.30 5.37 

See Fig. 2.12 for station locations. 
' Trinidad Bay, 22 km north of Humboldt Bay, was used for nearshore control. 

fied only episodically, immediately following peri- 
ods of high runoff (Beittel 1975). 

Oxygen and pH 

The oxygen concentration in the nearshore 
water is inversely correlated with the intensity of 
upwelling; during intense upwelling, the oxygen 
concentration may be less than 50% of the satura- 
tion concentration. As a result, the concentration 
of dissolved oxygen in the channels of Humboldt 
Bay at high tide is often quite low. On the other 
hand, because the bay compartment waters are 
spread out over the mudflats in a thin layer at 
high tide, and because the exchange velocity of 
oxygen between water and air is fairly high (Bro- 
ecker and Peng 1982), the concentration of oxygen 
in the bay compartment waters is always near 
saturation. This is in agreement with Gast and 
Skeesick (1964), who recorded their highest and 
lowest oxygen concentration at the bay entrance 

(11.97 mg/L during nonupwelling periods and 4.26 
mg/L during upwelling periods) and found the 
most stable oxygen concentrations in the north- 
east quadrant of Arcata Bay (8-9.6 mg/L). Pequeg- 
nat and Butler (1982) and J. Brandes and J. E. 
Pequegnat (unpublished data) found dissolved 
oxygen concentrations in Arcata Bay close to the 
expected saturation values based on temperature 
and salinity (Tables 2.2 and 2.3). 

The pH values found in Humboldt Bay waters 
have not shown any unusual patterns (Tables 2.2 
and 2.3); recorded values range from 7.7 to 8.1, 
with the lower values being associated with simi- 
lar pH values in the nearshore waters during pe- 
riods of upwelling (J. Brandes and J. E. Pequegnat, 
unpublished data). 

Nutrients 

Pequegnat (1988) suggested that the three ma- 
jor sources of nutrients to the Bay are runoff, the 
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nearshore waters, and municipal wastewater. 
Fequegnat and Butler (1981) estimated that in 
1979 the wastewater from Eureka contributed 20- 
50% of the fixed nitrogen found in the bay compart- 
ment waters of Arcata Bay during the 150-day 
period of low runoff in summer and early fall. Since 
then, the amount of nutrients entering the Bay 
from wastewater sources has been decreased by 
measures enacted between 1982 and 1986 by the 
municipalities surrounding the bay. In June of 
1984, Eureka began diverting its partially treated 
wastewater into a freshwater marsh for further 
treatment, then pumping the marsh water into 
North Bay Channel on outgoing tides. Since July 
of 1986, Arcata has diverted its wastewater into an 
innovative freshwater marsh system before it is 
released into Arcata Bay. 

Before these changes, both the nearshore wa- 
ters and wastewater were important sources of 
nitrate and other nutrients to the bay. This is 
illustrated by nutrient concentration data col- 
lected at locations in the nearshore and the North 
Bay Channel, and at two locations in Arcata Bay 
before (1980) and after (1986) cessation of waste- 
water input (Fig. 2.13; Fequegnat 1988). In 1980 
the concentration of nitrate was high in the near- 
shore during upwelling periods and decreased 
with distance up the channel into Arcata Bay, 
while during nonupwelling periods the concentra- 
tion of nitrate was low in the nearshore waters, 
lower in the channels, but not much different in 
Arcata Bay. It is interesting to note that the same 
general patterns were found in 1986, after the 
wastewater nutrients were diverted from the bay, 
but that the actual nitrate concentrations were 
lower than previously (Fig. 2.13; Tables 2.4 and 
2.5; Fequegnat 1988; J. Brandes and J. E. Pequeg- 
nat, unpublished data). 

The diversion of wastewater leaves runoff and 
the nearshore waters as the primary sources of 
nutrients to Humboldt Bay. Runoff tends to be 
episodic, occurring mainly during the late fall and 
winter. Therefore, nutrient contributions to the 
bay from runoff may be significant during the 
winter, when runoff is high, but not during the 
summer. The amount of nutrients available to the 
bay from the nearshore varies with the hydro- 
graphic regime in effect. As previously noted, 
there are three basic water types found in the 
nearshore, depending on wind conditions, each 
with characteristic nutrient concentrations. The 
highest nutrient concentrations in the nearshore 
are associated with upwelling periods, while the 
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Fig. 2.13. Nitrate concentrations in Humboldt Bay 
waters during periods of upwelling and nonupwelling 
(Fequegnat 1988). 

stormy periods are associated with moderate nu- 
trient concentrations and the low wind periods 
with low nutrient concentrations. Since the hydro- 
graphic regime depends on the local wind, which 
can change rapidly at any time of the year, the 
nearshore may at times act as either a source of 
nutrients or a sink for nutrients. Because upwel- 
ling can be quickly triggered by a short period of 
high wind following a period of storms, offshore 
conditions may be in a state of flux unless a long 
period of stable weather occurs. This constantly 
changing nearshore environment is reflected in 
the nitrate concentrations found in the nearshore 
and in North Bay Channel which leads to Arcata 
Bay (see stations CG, MC, and SC in Tables 2.4 
and 2.5). A time lag between the nearshore and 
channel water characteristics indicates that the 
channel waters reflect not what is occurring at the 
moment in the nearshore waters, but what was 
present a few days earlier (in effect, two sinusoidal 
curves, with one being driven by the other). 

That the nearshore waters may be a sink for 
certain nutrients in the bay as well as a source for 
others is implied by the phosphate, nitrate, and 
ammonium gradients between the bay and the 
nearshore waters. 

Phosphate 

Pequegnat and Butler (1981) and J. Brandes and 
J. E. Pequenat (unpublished data) measured phos- 
phate concentrations in the bay at low and high 
tides and found the concentrations at low tide to be 
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Table 2.4. Nutrient concentrations and total nitrogen-to-phosphorus ratios during upwelling and 
nonupwelling conditions in Humboldt Bay, June and September 1980 (Pequegnat and Butler 1981). 

Distance from 
bay mouth NO2 NO3 NH3 PO4 Si 

Station8 (km) (ugatoms/L)     (ugatoms/L)     (ug-atoms/L)     (ugatoms/L)      (ugatoms/L)        N:P 

26 June 1980 (nonupwe lling) 

NH 5.6 0.03 0.49 0.17 0.79 8.9 0.9 
SP 5.6 0.05 0.00 0.46 0.73 7.7 0.7 
OS -1.0b 0.03 0.23 0.00 0.03 2.1 8.7 
MC 7.4 0.07 0.48 0.81 1.27 13.5 1.1 
SC 11.1 0.13 0.55 1.14 2.04 22.9 0.9 
yw 12.6 0.16 0.93 1.27 1.87 22.9 1.3 

24 September 1980 (upwelling) 

NH 5.6 0.19 4.01 2.97 1.56 21.5 4.6 
SP 5.6 0.22 5.23 2.98 1.56 21.1 5.4 
OS -1.0b 0.36 16.90 2.41 1.70 26.0 12.0 
MC 7.4 0.25 4.96 4.22 2.10 22.2 4.5 
SC 11.1 0.20 3.30 3.56 2.28 21.8 3.1 
yw 12.6 0.14 1.39 2.78 2.38 21.4 1.8 
a See Fig. 2.12 for station locations. 

Nearshore station approximately 1.6 km offshore. 

Table 2.5. Nutrient concentrations and total nitrogen-to-phosphorus ratios during upwelling and 
nonupwelling conditions in Humboldt Bay, July 1986 (J. Brandes and J. E. Pequegnat, Department 
of Oceanography, Humboldt State University, Arcata, California, unpublished data). 

Distance from 
bay mouth NO2 NO3 NH3 PO4 Si 

Station8 (km) (ugatoms/L) (ug-atoms/L) (ugatoms/L)     (ug atoms/L) (ug-atoms/L) N:P 

10 July 1986 (upwelling) 

SH 7.1 0.21 0.79 1.9 1.6 18.4 1.8 
NH 5.6 0.29 2.21 2.0 1.5 19.3 3.0 
SP 5.6 0.23 2.67 1.3 1.2 19.9 3.5 
CG 3.3 0.44 9.90 1.9 1.6 30.4 7.7 
MC 7.4 0.37 4.80 2.4 1.7 29.3 4.5 
SC 11.1 0.28 3.22 2.3 1.6 31.9 3.6 
BT 13.0 0.38 2.70 2.3 1.9 38.7 2.8 
SI 15.4 0.37 1.00 3.8 2.5 36.8 2.1 
yw 12.6 0.23 0.40 1.8 1.8 30.6 1.4 
TO 0.0b 0.68 21.50 1.6 1.5 41.8 16.0 

24 July 1986 (nonupwelling) 

SH 7.1 0.38 1.77 2.98 2.02 13.0 2.5 
NH 5.6 0.27 2.65 2.75 1.59 13.6 3.6 
SP 5.6 0.22 2.40 1.96 1.37 13.8 3.3 
CG 3.3 0.35 4.03 2.98 1.73 13.7 4.3 
MC 7.4 0.24 4.39 2.63 1.56 14.6 4.7 
SC 11.1 0.17 1.57 2.96 1.80 14.5 2.6 
BT 13.0 0.18 1.22 1.72 1.90 14.3 1.6 
SI 15.4 0.34 0.34 2.71 2.75 20.1 1.2 
yw 12.6 0.14 0.50 1.65 1.81 14.2 1.3 
TO 0.0b 0.00 0.04 0.41 0.30 1.7 1.5 

* See Fig. 2.12 for station locations. 
b Trinidad Bay water was used for the nearshore control. 
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greater than at high tide and greater than the high 
tide concentrations that Gast and Skeesick (1964) 
found. The phosphate gradient runs from low to 
moderate in the nearshore waters to relatively high 
in the upper bay waters. Wastewater is a likely 
source of phosphate within the bay, as are the bay 
sediments, because, according to Burton and Lass 
(1976), estuarine sediments can act as phosphate 
buffers, maintaining high phosphate concentra- 
tions in an estuary by sediment leaching for some 
time after discontinuation of wastewater input. 
The excess phosphate in the bay can then act as a 
source of phosphate to the adjacent nearshore wa- 
ters. 

Nitrate 

The nitrate gradient is the reverse of the phos- 
phate gradient, ranging from high to moderate 
concentrations in the nearshore waters to very low 
concentrations in the upper bay waters. Therefore, 
the bay acts as a sink for nitrate, most likely 
through plant production and denitrification. Loss 
of nitrogen compounds through denitrification is 
suggested by the ratio of nitrogen to phosphate in 
the bay, which is relatively low compared to the 
16:1 ratio suggested by Redfield (1956). 

Ammonium 

Although the nearshore waters are the main 
source of nitrate-nitrogen during summer, they 
tend to be low in ammonium and may act as a sink, 
along with plant production inside the bay. Nitro- 
gen in the form of ammonium has several poten- 
tial sources within the bay; wastewater and recy- 
cling of plant nitrogen by animals, especially 
oysters, are the two most important ammonium 
sources. 

Chlorophyll 

The chlorophyll concentrations, which reflect 
productivity, are generally low in both Humboldt 
Bay and the nearshore waters during the winter 
(Fig. 2.14), although the concentrations within the 
bay are considerably higher than in the nearshore 
(Pequegnat and Butler 1982). This is probably 
because at high tide, the phytoplankton in the bay 
are held over the mudflats in a shallow water 
column, allowing them to remain in the sunlit 
layer where they receive sufficient light to grow 
and reproduce. The phytoplankton in the near- 
shore, in contrast, are mixed to considerable depth, 
out of the sunlit layer. During the early spring, 
chlorophyll concentrations in both the bay and the 
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Fig. 2.14. Chlorophyll concentrations and water 
temperatures for offshore, North Bay (Arcata Bay), 
and South Bay during an 8-month period in 1979 
(Pequegnat and Butler 1982). 

nearshore waters increase as the nearshore waters 
stratify (thus reducing the depth of mixing), and 
neither light nor nutrients are limiting. The chlo- 
rophyll concentration in the nearshore generally 
remains high during the spring and summer be- 
cause of the upwelling of nutrients, but chlorophyll 
concentration in the bay typically decreases during 
the summer months (Fig. 2.14). 

Pequegnat and Butler (1981) suggested that 
wastewater nutrients were important to the bay's 
sustained productivity and that the removal of 
this source could decrease the productivity of the 
bay; recent chlorophyll data confirm this possibil- 
ity (Fig. 2.15). Chlorophyll concentrations meas- 
ured at two stations in the channels of Arcata Bay 
during the summer of 1980, when wastewater was 
being discharged into the bay, were consistently 
higher than those measured in the same locations 
during the summer of 1986, after cessation of 
wastewater input (J. Brandes and J. E. Pequeg- 
nat, unpublished data). Although the chlorophyll 
concentrations were lower in the bay compart- 
ment waters in June and early July of 1986 than 
in 1980, there was a dramatic drop in late July 
and early September of 1986. This drop coincided 
with the mid-July diversion of Arcata's wastewa- 
ter flow from the bay to the freshwater marsh 
project and indicated a lowering in primary pro- 
ductivity in the bay associated with this diversion 
(J. Brandes and J. E. Pequegnat, unpublished 
data). It is likely that the wastewater nutrients 
were playing a part in the bay's nutrient budget 
and may have been important to its sustained 
productivity. The loss of these nutrients eventu- 
ally may result in reduced Zooplankton and ben- 
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Fig. 2.15. Chlorophyll concentrations before (1980) and 
after (1986) cessation of wastewater discharge into 
Arcata Bay (Fequegnat 1988). 

thic productivity, especially filter feeders such as 
the commercially raised oysters. 

Turbidity 

The waters of Humboldt Bay are quite turbid. 
Assuming that k, the extinction coefficient, is re- 
lated to D, the depth of disappearance of a Secchi 
disk, by the equation k = 1.6/D (Idso and Gilbert 
1974), the water depth to which 1% of the surface 
illumination reaches varies from less than 2 m to 
about 5 m, with the norm being near 3 m (Tables 
2.2 and 2.3). The turbidity of the bay water is due 
mainly to suspended sediments (both from runoff 
and those resuspended from the mudflats by wind- 
waves) and from phytoplankton found in the water 
column during periods of high productivity. 

Water Quality 

With increased shipping and fishing, Humboldt 
Bay has been exposed to typical pollutants such 
as petroleum, antifouling bottom paints, and un- 
treated human and fish-processing wastes. Most 
of these problems are being addressed (i.e., by 
wastewater treatment and removal). Until re- 
cently there were sanitary waste disposal landfills 
at each end of the bay, and although they are now 
closed and the Arcata landfill is covered by impervi- 
ous muds, there is still a potential for these two 
regions to introduce a suite of toxins to the bay in 
their leachates. 

Since there is relatively little heavy industry in 
the region surrounding the bay (the largest being 
two pulp mills that discharge to the ocean rather 
than the bay), there are few sources of toxic metals 
other than natural mining in the small watershed. 
The State Mussel Watch program found Humboldt 
Bay to be one of the least polluted bays in the state 
(M. Martin and M. D. Stephenson, Marine Re- 
source Laboratory, California Department of Fish 
and Game, Monterey, unpublished data). In oys- 
ters tested from all enclosed bays in California as 
part of the Mussel Watch program, the overall 
concentration of anthropogenic indicator trace 
metals (silver, zinc, and lead) was lowest in Hum- 
boldt Bay. Concentrations were similar in Hum- 
boldt Bay oysters and in those from Drakes Es- 
tero, the open coast control station (Table 2.6). 
However, the concentrations in oysters of trace 
metals indicative of terrestrial influence were 
generally higher in Humboldt Bay than in Drakes 
Estero samples (Table 2.6). 

Table 2.6. Metal concentrations (mean ppm ± 95% C.I.) in oysters from Drakes Estero (an open coast 
control station) and Humboldt Bay (M. Martin and M.O. Stephenson, Marine Resources Laboratory, 
California Department of Fish and Game, Monterey, unpublished data). 

Metal Drakes Estero 
Arcata sewer 

outfall 
Central 

Arcata Bay 
South 

Humboldt Bay 

Silver 
Zinc 
Aluminum 
Iron 

0.15±0.06 
316±37 
52±17 
25±0 

0.68±0.42 
347±159 
106±37 
407±172 

0.52±0.40 
390±300 
196±179 
450±131 

0.33±0.32 
430±521 
144±77 
450±131 
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Chapter 3. Biological Habitats and 
Communities 

The wide variety and complexity of habitat in 
and around Humboldt Bay provide the necessary 
living space and life requirements for many species 
of plants, invertebrates, fishes, birds, and mam- 
mals. Monroe (1973) presented a generalized view 
of Humboldt Bay habitats (Fig. 3.1). 

Marshes, Fringing Wetlands, 
and Grass Beds 

Wetland habitats were classified according to 
the criteria presented by Cowardin et al. (1979). 
Humboldt Bay is the only area of appreciable 
acreage of salt marsh between San Francisco Bay 
and Coos Bay, and it links the two floristically. 
Although MacDonald (1977) distinguished three 
groups of California salt marshes—northern, San 
Francisco Bay, and southern, Holland (1986) rec- 
ognized only a northern and a southern group. 
While Humboldt Bay contains plant species com- 
mon to both southern and northern salt marshes, 
its flora is distinct from the central and southern 
California marshes. 

In the Humboldt Bay area, nearly 90% of the 
original salt marsh areas have been either diked or 
filled. Only 393 ha of the original estimated 2,833 
ha of salt marsh remain (Monroe 1973; Shapiro and 
Associates, Inc. 1980). Other remaining wetland 
habitats around Humboldt Bay include 101 ha of 
brackish marsh, 111 ha of freshwater marsh (not 
including grazed seasonal wetlands, which total 
2,697 ha), and 69 ha of woody freshwater swamp 
(according to a draft Humboldt Bay wetlands miti- 
gation needs and restoration goals study, conducted 
in 1984 by Humboldt County, Eureka, Calif.). 

Three main factors influence the vegetation of all 
wetlands: duration of inundation, water chemistry, 
and site history. Currently, the salt marshes exist 
largely as remnants in a narrow perimeter around 
the bay. Notable exceptions include the large areas 
of salt marsh on low islands in the middle of En- 
trance Bay and islands included in Mad River 
Slough. Brackish and freshwater wetlands most 
often occur contiguously with the salt marshes and 
with the exception of the extensive areas of grazed 
seasonal wetlands, are usually narrow remnants 
along sloughs and near riparian woodlands. 

Woodland 
upland 

High mud flats 
Agriculture 

Shallow water bay Salt marsh 

Mean higher high water 

Mean lower low water 

Fig. 3.1. Profile of Humboldt Bay habitats (modified from Monroe 1973). 
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Fig. 3.2. Humboldt Bay tidal marsh border with unique mixture of cordgrass and pickleweed. Note pickleweed at 
lower elevation than cordgrass. 

Salt Marshes 

Dominant Species 

Humboldt Bay salt marshes are dominated by 
three vascular plant species: pickleweed (Salicor- 
nia virginica), Humboldt cordgrass (Spartina 
densiflora), and saltgrass (Distichlis spicata; see 
Appendix A). Autecological information on pickle- 
weed and saltgrass can be found in Mahall and 
Park (1976), MacDonald (1977), Newby (1980), 
Rogers (1981), Zedler (1982), and Josselyn (1983). 
Similar data on Spartina densiflora can be found in 
Newby (1980), Rogers (1981), and Spicher and 
Josselyn (1985). While central and southern Cali- 
fornia salt marshes are also dominated by pickle- 
weed and salt grass, the large areas dominated by 
Spartina densiflora are unique to Humboldt Bay. 

Until 1984, Spartina densiflora was referred to 
as a local ecotype of Spartina foliosa, which attains 
its northernmost extension in Bodega Bay and is 
common from San Francisco Bay south to Baja 
California (Spicher and Josselyn 1985). Spartina 
densiflora occurs at a higher intertidal position 
than S. foliosa and exhibits a tufted or clumped 
habit (tussocks), as opposed to the solitary, evenly 
spaced culms of & foliosa stands. Researchers 
noted the difference in growth form and intertidal 

distribution (MacDonald 1977; Rogers 1981; Josse- 
lyn 1983), but this taxon was not recognized as a 
different species until 1984. Ecological and taxo- 
nomic evidence compiled by Spicher and Josselyn 
(1985) documented that the Humboldt Bay cord- 
grass is an exotic species introduced from South 
America. Lumber was exported to Chile from the 
north coast during the mid-1800's and it is specu- 
lated that S. densiflora found its way to Humboldt 
Bay as ballast (Spicher and Josselyn 1985). 
Spartina densiflora occurs in only one other loca- 
tion in North America, in Marin County, California, 
where it was initially introduced as part of a revege- 
tation experiment in 1976. In Marin County, it has 
spread and currently grows at Creekside Park 
Marsh, Corte Madera Creek, Muzzi Marsh, and 
Greenwood Cove. 

Humboldt Bay cordgrass maintains its higher 
intertidal position in the Marin marshes where it 
occurs with S. foliosa, demonstrating that its eleva- 
tional range is an autecological response rather 
than a unique situation of Humboldt Bay. The in- 
tertidal position of S. densiflora results in the bimo- 
dal distribution of pickleweed that has been noted 
by many researchers, including MacDonald (1977), 
Rogers (1981), Claycomb (1983), and Eicher (1987). 
In salt marshes that form a gradual interface with 
the bay waters, pickleweed dominates the lower 
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intertidal and upper intertidal elevations, while 
cordgrass attains dominance in between (Fig. 3.2). 
Cordgrass becomes less important in higher eleva- 
tion marshes, where it may be limited by phospho- 
rus (Newby 1980). 

Environmental factors that affect salt marsh 
species distribution include time and duration of 
tidal inundation, soil and water salinity, soil aera- 
tion, soil type and development, air and water 
temperature, drainage patterns, nutrient avail- 
ability, water table height, precipitation, and light 
(Chapman 1938; Morgan 1961; Adams 1963; 
Waits 1967; Phleger 1971; Keefe 1972; Squiers 
1973; Valiela et al. 1975; Nestler 1977; Parrondo 
et al. 1978; Gallagher et al. 1980; Newby 1980; 
Smart and Barko 1980; Rogers 1981). The salt 
marsh species grow along intermixed environ- 
mental gradients. The most obvious gradient, and 
the one that is most often measured in salt 
marshes, is elevation (Chapman 1938; Adams 
1963; Eilers 1975; Claycomb 1983; Eicher 1987; 
Fig. 3.3). The elevational gradient, however, more 
often than not is an indication of other factors, 
such as inundation, soil salinity, and soil texture 
(Zedler 1977). Therefore, the term "tide elevation 
complex," as defined by Clarke and Hannon 
(1969), best describes the various ecological fac- 
tors that interact to produce the elevational gra- 
dient within a marsh. 

Quantitative measurements of the intertidal dis- 
tribution of the most common species found in salt 
marshes around Humboldt Bay have been few. 
Eicher (1987) gathered data on the intertidal posi- 
tion of salt marsh species at five different bay 
locations predominantly in North Bay; Claycomb 
(1983) and Newton (1989) measured elevational 
data associated with mitigation projects on Eureka 
Slough. 

Plant Associations 

Three to four plant associations have been rec- 
ognized in the Humboldt Bay salt marshes (Clay- 
comb 1983; Kopiin et al. 1984; Newton 1987,1989; 
Eicher 1987). At the lowest elevations, the 
Salicornia type occurs and is composed of pure 
stands of pickleweed. Above this zone, monotypic 
stands of Spartina densiflora make up the 
Spartina type. Both of these associations contain 
few to no other vascular plant species but are 
commonly entangled with algae such as Entero- 
morpha and Ulva (Fig. 3.4). A variety of small 
gastropods, crustaceans, and polychaete worms 
feed on algal mats. 

Salicornia   
virginica ^^■^^B 

Spartina densiflora  ^* 

Jaumea carnosa 

Triglochin maritimum 

Triglochin concinnum 

Spergularia canadensis 

Cordylanthus maritimus spp. palustris 

Atriplex patula var. hastata 

Distichlis spicata 

Limonium californicum 

Plantago maritima var. juncoides 

Cuscuta salina 

Grindelia stricta spp. Wake/ 

Spergularia macrotheca 

Parapholis spp. 

Orthocarpus castillejoides var. humboldtiensis 

Low marsh Middle marsh High marsh 

1.83 1.98 2.13 2.29 2.44 

Tidal elevation (m MLLW) 

Fig. 3.3. Distribution of major salt marsh plant species 
across the tidal elevation gradient in North 
Humboldt Bay, California. Wider bands indicate the 
range in which each species had its peak cover, as 
assessed within 7.6 cm elevation classes. Broken 
bands indicate sporadic occurrence (Eicher 1987). 

The marshes above the Spartina stands have 
been lumped (Eicher 1987) or separated into two 
associations (Claycomb 1983; Kopiin et al. 1984; 
Newton 1987, 1989). Kopiin et al. (1984) recog- 
nized a Salicornia-Jaumea type and a Salicornia- 
Distichlis type. The Salicornia-Jaumea type is 
floristically diverse and in this respect is similar to 
San Francisco high marshes (Salicornia-Jaumea- 
Distichlis in MacDonald 1977). With the exception 
of cordgrass, the salt marsh species listed in Ap- 
pendix A attain their highest abundances in this 
vegetation type. The Salicornia-Distichlis type is 
depauperate, containing few if any other species, 
and is often found at the highest elevations or in 
hypersaline conditions caused by restricted tidal 
flows and impounding (Newton 1989). 

Rare Species 

In addition to the different plant associations 
represented in Humboldt Bay salt marshes, there 
are three rare salt marsh plant species: Humboldt 
Bay owl's clover (Orthocarpus castillejoides var. 
humboldtiensis), Point Reyes bird's beak (Cordy- 
lanthus maritimus ssp. palustris), and Humboldt 
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Fig. 3.4. Midlevel tidal salt marsh showing dense growth of pickleweed surrounding cordgrass culms. Note algal 
mat in foreground. 

Bay gumplant (Grindelia stiicta ssp. blakei). The 
owl's clover and the gumplant are endemic to 
Humboldt Bay, while the bird's beak is found from 
Morro Bay, San Luis Obispo County, California, to 
Coos Bay, Oregon. All three species are on the 
California Native Plant List lb, a list containing 
species which qualify for State listing as rare and 
endangered throughout their range (California 
Native Plant Society 1984). 

Humboldt Bay owl's clover is an annual member 
of the family Scrophulariaceae and likely employs 
haustorial connections as do other owl's clovers. It 
is distinguished by its two-celled anthers, purple 
bracts, and bright pink flowers on a large showy 
spike. Point Reyes bird's beak is also an annual 
species of the Scrophulariaceae and is known to 
employ haustorial connections. It is distinguished 
by the oblong shape of its leaves and bracts and by 
its purple flower. The Humboldt Bay gumplant is a 
perennial member of the family Asteraceae. It is 
distinguished by recurved phyllaries and reddish, 
erect stems. 

The taxonomy of Point Reyes bird's beak is in 
question. Chuang and Heckard (1973) separated 

it from the southern California subspecies C. m. 
maritimus based on geography. An outlying 
population of a Grindelia that closely resembles 
Humboldt Bay gumplant also raises taxonomic 
questions. This population is located at ap- 
proximately 457 m elevation on what is locally 
known as the Mattole Road; currently this 
population is not being treated as the rare 
subspecies. 

Populations of the three rare species of Hum- 
boldt Bay are most common in the high elevation 
salt marshes, where the Salicorniajaumea and the 
& distichlis associations are frequently disturbed 
or have been largely destroyed. The gumplant has 
wider habitat requirements and can be found along 
berms and dikes adjacent to as well as in salt 
marshes. Populations of the two annual species 
have been found to fluctuate widely from year to 
year (Kopiin et al. 1984; Newton 1987). The role 
that disturbance plays in the distribution of all 
three species is not clear. Open habitat within a 
salt marsh tends to favor germination and growth. 
Therefore, disturbance, such as light trampling 
that decreases the cover of pickleweed without 
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destroying the marsh, will encourage the growth 
of the rare species (Newton 1987, 1989). 

Transitional Habitats 

Brackish and Freshwater Marshes 

The delineation between freshwater and brack- 
ish marshes is often not as well defined as the 
distinction between salt and brackish marshes. 
There is much overlap, with species common to 
brackish marshes occurring well into the freshwa- 
ter marshes and riparian woodlands. 

Brackish marshes form at the interface between 
the salt marshes and the freshwater marshes, and 
species composition slowly changes along the envi- 
ronmental gradients between them. Qualitative 
and quantitative descriptions of brackish and 
freshwater marsh vegetation can be found in Mon- 
roe (1973), Shapiro and Associates, Inc. (1980), 
Kopiin et al. (1984), and Newton (1989). 

Three plant species common throughout the 
various brackish marshes are salt rush (Juncus 
lesueurii var. lesueurii), pacific silverweed (Poten- 
tilla egedii ssp. grandis), and water parsley (Oe- 
nanthe sarmentosa). Most of the brackish marsh 
species appear to separate into monotypic patches 
probably because of vegetative expansion. The fol- 
lowing brackish marsh assemblages are deline- 
ated by species composition and structure and 
defined by the dominant species. 

The ecotone between the salt marsh and brack- 
ish marsh contains components of both, often in- 
cluding salt marsh species such as saltgrass and 
tufted hairgrass (Descfiampsia caespitosd), either 
of which can dominate large areas, and brass but- 
tons (Cotula coronopifolia), which occurs in dis- 
turbed locations. In areas that are inundated well 
into the growing season, three-corner (Scirpus 
americanus) or slough sedge (Carex obnuptd) 
dominate. Saltmarsh bulrush (Scirpus maritimus) 
and large populations of the disputed Lyngby's 
sedge (Carex lyngbyei) are most often found in 
remnant sloughs and adjacent depressions that 
receive both tidal and freshwater input. 

Josselyn (1983) reported that San Francisco 
brackish marshes are dominated by cattails (Ty- 
pha latifolid) and Scirpus acutus. Many Humboldt 
Bay marshes contain T. latifolia at the brackish- 
freshwater interface, with large stands being quite 
common. However, while Scirpus acutus is found 
in Humboldt Bay marshes, it does not dominate 
large areas, except in the artificial ponds created 
as part of the Arcata marsh project. 

Freshwater marshes often contain species simi- 
lar to brackish marshes. One evident change is in 
the dominant rush species, which changes from 
salt rush to common rush (Juncus effusus var. 
brunneus; Kopiin et al. 1984; Newton 1989). Spe- 
cies that occur in freshwater marshes but not 
brackish marshes include reed canary grass 
(Phalaris arundinaced), willowherb (Epilobium 
watsonii var. fixmciscanum), speedwell (Veronica 
scutellata), bedstraw (Galium trifidum), and mon- 
key flower (Mimulus guttatus ssp. litoralis). 

Small seeded bulrush (Scirpus microcarpus) 
can dominate large areas of freshwater marsh, as 
can cattails. Both of these species can also be found 
near brackish marshes. They may form monotypic 
stands or may grow in open stands with various 
incidental species occurring underneath. 

Water parsley, marsh pennywort (Hydrocotyle 
ranunculoides), floating fern (Azolla filiculoides), 
duckweed (Lemna spp.), pondweed (Potamogeton 
spp.), mare's tail (Hippurus vulgaris), and water 
foxtail (Alopecurus geniculatus) grow in small 
ponds and relict freshwater sloughs. 

Diked Seasonal and Grazed Wetlands 

By far the largest contributor to the loss of tidal 
wetlands in Humboldt Bay is the Hiking associated 
with agricultural development (see Fig. 2.4). While 
these grazed seasonal wetlands afford winter habi- 
tat to waterfowl, their plant associations are 
largely dominated by introduced grass species, 
with few species unique to brackish and freshwa- 
ter wetland systems. Most of the area currently 
converted to agricultural land was reclaimed be- 
tween 1880 and 1910. The salt marsh habitat is 
permanently altered by these activities, resulting 
in dramatically different species composition. Salt 
marsh species remain only along relict sloughs, 
tidally influenced drainages, and isolated hyper- 
saline ponds. Quantitative vegetation analysis of 
the grazed seasonal wetlands can be found in Kop- 
lin et al. (1984) and Newton (1989). 

The agricultural areas are dominated by intro- 
duced grass species such as velvet grass (Holcus 
lanatus), annual bluegrass (Poa annud), perennial 
and annual ryegrass (Lolium perenne and L. mul- 
tiflorum), vernal grass (Anthoxanthum odoratum), 
bentgrass (Agrostis tennis and A. stohniferd), or- 
chard grass (Dactylis glomeratd), meadow fescue 
(Festuca arundinaced), red brome (Bromus rubens), 
and blando brome (Bromus mollis). Other herba- 
ceous species commonly associated with these ar- 
eas include cat's ear (Hypochoeris radicatd), dande- 
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lion (Taraxacum officinale), perennial trefoil (Lotus 
corniculatus), and curly dock (Rumex crispus). 
Common clovers are creeping white clover (Trifo- 
tium repens) and cow's clover (T. wormskioUtii). 
Areas within the pastures often support dense 
stands of common rush. In the shallow freshwater 
drainage ditches or depressions, rush (Juncus 
spp.), spikerush (Eleocharis macrostachya, and oc- 
casionally K bella and K aciculaHs), water foxtail, 
and pacific silverweed dominate. 

Willow Swamps and Riparian Woodlands 

Two major types of riparian habitats, willow 
swamps and riparian woodlands, are present 
around Humboldt Bay. They are distinguishable from 
each other by species composition and structure, but 
they often intermix, with the willow swamps forming 
the edge of a riparian woodland. More specific infor- 
mation on these vegetation types can be found in 
Monroe (1973), Shapiro and Associates, Inc. (1980), 
Kopiin et al. (1984), and Newton (1989). 

Riparian woodlands occur in areas that receive 
perennial to annual fresh water; therefore, the 
species composition is more closely linked to fresh- 
water marshes than to brackish marshes. Rem- 
nants of these woodlands occur at the base of 
conifer forests, or of what was historically forest, 
around the perimeter of the bay. The dominant 
tree species are red alder (Alnus oregond) and 
willow (Salbe lasiandra), which can attain heights 
of 20 m. The understory can be open, usually from 
grazing pressure, but more often is closed. 

The shrub layer is usually composed of willow 
species similar to those of the swamps, and the 
herbaceous layer contains species similar to those 
of freshwater marshes. In addition, the shrub layer 
usually contains salmon berry (Rubus spectabilis), 
cascara sagrada (Rhamnus purshiana), and elder- 
berry (Sambucus callicarpd). The herbaceous layer, 
which is often over 2 m in height, includes skunk 
cabbage (Lysichiton americanum), slough sedge, 
water parsley, watercress (Nasturtium officinale), 
chain fern (Woodwardia fimbriata), lady fern 
(Athyrium filix-femina), small-seeded sedge, and 
mannagrass (Glyceria declinatd). 

Willow swamps are located around the edges of 
freshwater and brackish water marshes and in 
dune hollows. The most common species are dune 
willow (Salix piped) and Hooker's willow (Salix 
hookerand), with an occasional wax myrtle (Myrica 
californica) reaching about 7 m in height. The un- 
derstory is most often related to the adjacent her- 
baceous marsh. Commonly associated are black- 

berry and himalaya berry (Rubus vitifolius and R. 
procerus), slough sedge, salt rush, common rush, 
and cattail. 

Eelgrass Beds 

The eelgrass bed is an important marine habitat 
type in Humboldt Bay. Arcata Bay and South Bay 
combined have 1,221 ha of eelgrass beds, with 435 ha 
in Arcata Bay and 786 ha in South Bay (Harding 
and Butler 1979). In total, eelgrass beds account for 
about 20% of the intertidal habitat of the bay. 
Eelgrass beds in Arcata Bay are not as dense as 
those of South Bay, a fact apparently related to the 
dredging for oysters on commercial beds in Arcata 
Bay (Waddell 1964). Eelgrass is characteristically 
found near the level of mean low water in Humboldt 
Bay, and it exerts an important influence on the 
sedimentary regime, distribution of infaunal or- 
ganisms, and occurrence of fish and birds. 

Phillips (1984) included Humboldt Bay eelgrass 
flats in his comprehensive discussion of eelgrass 
meadows of the Pacific Northwest of the United 
States. He recognized Humboldt Bay as having one 
of the three largest stands of eelgrass in the region 
(the other two were Padilla Bay in northern Wash- 
ington and the Willapa Bay-Grays Harbor area in 
southwestern Washington). The features of the eel- 
grass beds at Humboldt Bay are unique. 

Eelgrass at Humboldt Bay grows in muddy to 
silty sediments and has a significant influence on 
the sedimentary regime in parts of the bay where 
growth is luxuriant. The sediments in the beds are 
very fine (Thompson 1971), particularly in South 
Bay, making it difficult to sample infaunal and 
epifaunal organisms except from boats. 

Marsh Restoration 

Marsh restoration as mitigation for wetland de- 
struction is becoming increasingly common in Cali- 
fornia and on Humboldt Bay. Of the monitored 
wetland restoration projects on Humboldt Bay 
(Kopiin et al. 1974; Miner and Moore 1980-87; 
Stopher et al. 1981; Base 1982; Claycomb 1983; 
Gearheart 1983; Jacobson 1984; Newton 1989), 
most have been left to revegetate naturally. The 
common trend is for the area to experience a dra- 
matic die-off of the previously dominant species, 
followed by increased importance of opportunistic 
exotic halophytes, such as fat hen (Atriplex patula 
ssp. hastata), sicklegrass (Parapholis incurva and 
R strigosd), brass buttons, and rabbitfoot grass 
(Polypogon monspeliensis). Over time, the appro- 
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Table 3.1. Marsh restoration projects on Humboldt Bay. 

Size 
Reject name Date (acre) Preconstruction conditions Present status Monitoring reports 

Park Street 1979 9.5 Old log pond with some 
marsh vegetation 

Saltwater marsh Claycomb 1983 
Chamberlain 1988 

Elk River 1980 20 Wetland with restricted Increasing dominance Stopher et al. 1981 
tidal flow and high by Salicornia Miner and Moore 1980-87 
areas Base 1982 

Arcata Marsh 1981 175 Largely intertidal mudflat Freshwater ponds Gearheart 1983 
project 

Elk River 1982 124 Grazed seasonal wetlands, Seasonal freshwater Koplinetal. 1984 
Wildlife Area brackish marsh, uplands, wetlands, tidal Chrisney 1988 

and riparian marsh riparian, 
and uplands 

Newton 1989 

Bracut Marsh 1981 6 Filled tidal wetland Open area and salt 
marsh 

None formal 

Second Slough 1986 1 Salt marsh and upland 
berm 

Salt marsh Newton 1989 

priate salt marsh species become dominant on the 
site. However, the presence of vegetation alone 
should not be construed as a decisive measure of 
success. Other ecological factors need to be consid- 
ered, including vegetational structure and compo- 
sition, soil conditions, invertebrate populations, 
and bird and mammal usage. Table 3.1 summarizes 
the data from the Humboldt Bay restoration and 
mitigation projects. 

Invertebrates 

Invertebrates of Marshes 

Both the diversity and biomass of bentbic inver- 
tebrates in the marshes of Humboldt Bay are rela- 
tively low (Appendix B). The abundant plant cover 
present in the marsh is in a state relatively ined- 
ible by bentbic invertebrates, which are deposit 
feeders and grazers of microalgae on the surface of 
the marsh. MacDonald (1967,1969a, 1969b) sam- 
pled invertebrates in a number of salt marshes 
along the Pacific coast of North America, excluding 
insects. Cameron (1972) and Lane (1969) used 
different methods to sample insects in marshes at 
San Francisco Bay, but insects of Humboldt Bay 
salt marshes have been sampled only in a prelimi- 
nary manner (Boyd 1982). Insects probably use 
more marsh plant production than benthic inver- 
tebrates do, but even so, only a small part of the 
plant production is directly consumed (Teal 1962; 
Cameron 1972). 

Benthic invertebrate populations in marshes are 
dominated by gastropods, crustaceans, and poly- 
chaetes. Species are present year-round and fluctu- 
ate little in abundance seasonally (Boyd 1982). The 
gastropods Assiminea californica and Ovatella 
myosotis are commonly encountered within the 
marsh, and Alderia modesta is found on the fringes 
of marshes at Humboldt Bay. Considerably less 
abundant at Humboldt Bay is the gastropod Lit- 
torina newcombiana, a species reportedly more 
common in salt marshes of Oregon (MacDonald 
1977). Four infaunal polychaete species are found 
in the topmost sediments of the low marsh and at 
midrange elevations—Eteone californica, Streblos- 
pio benedvcti, Polydora ligni, and Pseudopolydora 
kempi—and all probably deposit microflora feeders 
or grazers on the immediate surface of marsh sedi- 
ments. Crustaceans in the marshes are a mixture 
of those with greater affinities to the adjacent up- 
lands and species that are more typically found on 
the upper mudflats of the bay. Armadilloniscus 
coronocapitalis, Porcellio sp., and Littorophiloscia 
richardsonae are three isopod species from the up- 
lands that have been found in the marshes. Gnori- 
mosphaeroma oregonensis, Anisogammarus con- 
fervicolus, and Corophium spinicorne are 
crustacean species more characteristic of high in- 
tertidal mudflats adj acent to the marshes. Only the 
amphipod Orchestia traskiana reaches its greatest 
abundance in marshes, rather than in adjacent 
habitats. In other coastal marshes in California, the 
green shore crab Hemigrapsus oregonensis fre- 
quently burrows into the banks of marsh channels, 



36   BIOLOGICAL RKPOKT 1 

but only occasionally lives in Humboldt Bay 
marshes. "Die pattern of species occurrences among 
the benthic invertebrates supports the concept of 
the marsh as a transitional environment between 
the uplands around the bay, and the tidally emer- 
gent mudflats that form much of Humboldt Bay. 

The importance of the marshes in the trophic 
economy of the bay is not well understood. A variety 
of birds find refuge in the marshes at high tides 
(Springer 1982), but many species feed on intertidal 
flats during low tides as well. Fish are known to 
move onto the flooded marshes at high tide, but the 
importance of feeding activities there has been 
difficult to assess (Chamberlain 1988). The major 
contribution of the marshes to the trophic economy 
of the bay is the export of detrital plant material. 
Unfortunately, the significance of this detrital ex- 
port is difficult to estimate. The plant material is 
first subjected to microbial decomposition and be- 
comes available to potential consumers in the form 
of dissolved organic carbon (DOC), and smaller 
particles of plant material that are colonized by 
bacteria. Sediments of the adjacent mudflats are 
rich in organic material, some of it originating in 
the marshes. This organic matter is certainly sig- 
nificant in providing food to the deposit- and sus- 
pension-feeding animals on and in the mudflat 
sediments. 

Invertebrates of Intertidal Sand and 
Mud Flats 

The physical environment of the bay exerts a 
profound impact on the plants and animals that 
occupy the intertidal habitats. The bay covers a 
large enough area (62.4 km2; Proctor et al. 1980) to 
present a diversity of habitat types, from those that 
are wholly marine in salinity conditions to others 
that are typically estuarine for a significant period 
of time each year. The sedimentary environment is 
similarly diverse, with a general pattern of coarse 
sands and shell fragments in the entrance area of 
the bay, grading both north and south into finer 
sands and then muds (with various percentages of 
sand), and finally silts in the upper reaches of both 
South Bay and Arcata Bay (Thompson 1971). The 
salinity regime also exerts a profound effect on the 
settlement, survival, and growth of benthic inver- 
tebrates. The complex pattern of species distribu- 
tion within Humboldt Bay is thus the result of 
many factors, the most significant of which are 
relative intertidal height (usually expressed in re- 
lation to MLLW, the 0.0 tidal datum), sedimentary 

structure of the substrate that animals live on or 
in, and seasonal salinity regime. Two major inter- 
tidal habitat types exposed on a daily basis are high 
intertidal flats from approximately 2.15 m to 1.16 
m above MLLW, and low intertidal flats from 45 cm 
to 116 cm below MLLW. 

High Intertidal Flats 

Primary producers on the surface of the high 
flats are a variety of microscopic and macroscopic 
algae (see Appendix A). Relatively little is known 
about the microscopic algae, but they do include 
phytoplankton species that settle from the water 
column during high tides and remain on the surface 
of the flats, benthic diatoms, and some blue-green 
algae (Cyanobacteria). Surface sediments that are 
examined microscopically are always rich in these 
microscopic forms, but relative abundances of the 
particular species involved have not been deter- 
mined. The two major species of macrosopic algae 
present are Enteromorpha intestinalis and Ulva 
sp., with Fucus distichus growing on debris, emer- 
gent rocks, and even larger pebbles. 

The abundance of macroalgae on the high flats 
fluctuates greatly on a seasonal basis. The largest 
standing stocks are observed during the summer 
and early fall, usually declining rapidly with the 
onset of winter storms in late fall or early winter. 
The predominantly northwesterly winds accompa- 
nying these storms produce wave turbulence in 
surface waters that dislodge the algae and trans- 
port plant material to other bay locations or to 
nearshore habitats outside the bay. In these various 
sites, the macroalgae become part of the detritus 
foodweb of the bay and nearshore waters. 

Polychaetes, crustaceans, and mollusks are the 
significant invertebrates of the high intertidal 
flats. A large number offish and birds feed on these 
invertebrates, moving onto the flats according to 
the tidal regime. The abundant populations of in- 
vertebrates support impressive populations of ver- 
tebrate predators, suggesting that the secondary 
(animal) production of the flats is relatively high. 
Just below the line of salt marsh vegetation, the 
burrows of both small and larger invertebrates are 
apparent in examining the surface of the mudflat. 
Complex, deep burrows of ghost shrimp (Calli- 
anassagigas, with only an occasional C. californi- 
ensis) are found on the high flats at many locations 
in both Arcata Bay and South Bay. These animals 
are relatively long-lived and, once the adults have 
dug their deep burrows, probably secure from pre- 
dation. Much more abundant smaller crustaceans 
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are found on the surface of the flats associated with 
macroalgae, finding refuge under debris, and in 
shallow, impermanent burrows at the surface of 
the flats. Fish feed on these crustaceans during 
high tides (Toole 1978) and shorebirds probably 
consume them at low tide (Carrin 1973). 

The most abundant organisms of the high flats 
are a variety of polychaetes that tend to be distrib- 
uted widely in the bay. Some differences in poly- 
chaete abundance are determined by seasonal sa- 
linity regimes near creeks that enter the bay. 
Smaller polychaetes reproduce annually, seldom 
reach lengths of more than a few centimeters, and 
are probably fairly short-lived (Dales 1967). Ca- 
pitellids, spionids, and syllids are the most abun- 
dant species encountered (Appendix B). Under 
conditions of varying salinity, oligochaetes can also 
be somewhat abundant. Toole (1978) found that 
juvenile English sole fed on capitellid polychaetes 
as an increasing percentage of their diets during 
the first year of growth in Humboldt Bay. Shore- 
birds are also undoubtedly significant predators of 
these high intertidal polychaete species (Carrin 
1973), but quantitative or experimental data to 
demonstrate the relative importance of these 
worms in shorebird diets are lacking. 

The small bivalve Transennella tantilla is abun- 
dant on the high mudflats. This species is found 
just below the surface of the flat and is probably 
important in the diets of both fish and shorebirds 
(Carrin 1973; Collins 1978). Macoma nasuta is 
occasionally found on the high flats but is typically 
more abundant on lower intertidal flats. The small 
grazing gastropod Alderia modesta feeds on the 
macroalgae or microalgae on the surface of the 
flats, particularly near marsh vegetation. In areas 
where creeks enter both Arcata Bay and South 
Bay, and when estuarine conditions prevail at least 
seasonally, Mya arenaria can be abundant on the 
higher flats. Recruitment to these populations has 
been sporadic when studied elsewhere (Warwick 
and Price 1975) and seems to follow a similar 
sporadic recruitment pattern at locations in Hum- 
boldt Bay (Simel 1980). In the estuarine areas of 
the bay, the small bivalve Macoma balthica occurs 
and can be locally abundant. 

Barnacles (Balanus glandula, Chthamalus 
dalli), algae (Fucus distichus, Enteromorpha intes- 
tinalis), and the native oyster Ostrea lurida colo- 
nize emergent rocks, logs, and small bits of debris 
on the high flats. The overall importance of these 
small patches of solid substrate to the overall econ- 
omy of the bay is probably minor. 

Low Intertidal Flats 

The character of the fauna and flora of the mud 
and sandflats in the bay changes at about 91 cm to 
61 cm above MLLW. There is considerably less 
exposure during low tides at these elevations, and 
the abundance of infaunal organisms increases 
considerably. Many species that occur to -61 cm in 
the lower intertidal and subtidal sediments of the 
bay first occur on low intertidal flats. Many plant 
and invertebrate species occur on these flats (see 
Appendix B). 

The sedimentary environment in different parts 
of the bay affects the distribution of low intertidal 
plants and animals on the mudflats. Typically 
sands and gravels predominate in the central part 
of the bay, grade gradually into fine sands, and 
eventually into muds and silts away from the cen- 
tral part of the bay into South Bay and Arcata Bay. 
There are also small areas of silt deposition near 
the mouths of creeks and rivers that enter the bay, 
often accompanied by an estuarine salinity regime. 
Midintertidal silts and sands do not allow the free 
movement of water into the sediments, resulting in 
an anoxic condition (with the characteristic accu- 
mulation of H2S) that develops just below the sedi- 
ment surface. The animals living in sediments must 
possess appropriate behavioral or physiological adap- 
tations to withstand these anoxic conditions. These 
adaptations can involve burrows that open to the 
surface (e.g., Upogebia pugettensis, Pista pacifica, 
Ureehis caupd), feeding structures that have a dual 
function in respiration (phoronids, pectinarid poly- 
chaetes), or specialized respiratory pigments (several 
mollusks and polychaete worms). 

Sandy substrates at low intertidal levels in the 
central portion of the bay contain a rich fauna 
dominated by mollusks and polychaetes. During 
any low tides of zero or lower, these areas of the bay 
are visited by many people in search of edible clams; 
they most commonly take gaper clams (Tresus ca- 
pax, occasionally T. nuttallii), Washington clams 
(Saxidomus nuttalli, S. giganteus), littleneck clams 
(Protothaca staminea), and cockles (Clinocardium 
nuttallii). TYesus spp. are more common in sandy 
substrates, and Saxidomus spp. in muddier sands, 
but there is no clear demarcation line between the 
two. A wide variety of smaller bivalves (including 
several tellinids) also occurs at low intertidal levels. 
The siphons of these smaller bivalves can form a 
significant component in the diets of bottom feeding 
fish (Collins 1978; Toole 1978). 

The polychaete worms of these substrates are 
abundant and important in the diets of fish and 
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shorebirds. Both sandy and muddy substrates con- 
tain large nereids that many who fish on the bay 
use as bait. Other polychaetes—capitellids, cir- 
ratulids, spionids, terebellids, and oweniids— are 
smaller in size but often number up to several 
thousands per square meter, depending on the part 
of the bay where samples are taken (Boyd et al. 
1975; Bott and Diebel 1982). 

Invertebrates ofEelgrass Beds 

Phillips (1984) indicated a lack of definitive 
information about distinctive assemblages of in- 
faunal species in sediments of eelgrass beds. Un- 
published investigations of infaunal organisms in 
eelgrass beds at Humboldt Bay and a survey of the 
literature suggest that eelgrass sediments do not 
usually contain unique assemblages of infaunal 
organisms. The sediments do contain a rich fauna 
of mollusks and polychaetes that flourish in this 
biotope. The polychaetes are mostly deposit feed- 
ers, suggesting that they feed on decaying vegeta- 
tion and sediments rich in organic matter. The 
mollusks probably also benefit from the dissolved 
organic carbon released from eelgrass blades, 
roots, and algal epiphytes (Phillips 1984). 

The animals and plants found on eelgrass 
blades represent a distinctive assemblage of or- 
ganisms. Dykhouse (1976) found that five species 
of invertebrates were dominant occupiers of blade 
space on eelgrass in South Bay: the hydrozoans 
Obelia longissima and Tubularia marina, the 
bryozoan Hippothoa hyalina, and the colonial as- 
cidians Diplosoma macdonaldi and Botrylloides 
sp. None of these species is restricted to eelgrass 
blades in Humboldt Bay, but populations flourish 
seasonally on the blades. The aplysid gastropod 
Phyllaplysia tayloii is highly adapted in coloration 
and morphology for growth and survival on eel- 
grass blades. The larvae undergo direct develop- 
ment (Bridges 1975) and begin browsing on the 
surfaces of eelgrass blades as juveniles. This is 
perhaps the only species in the bay that can be said 
to depend exclusively on eelgrass blades as a habi- 
tat, although even in this species individual ani- 
mals are sometimes found on other substrates. The 
relationship between eelgrass and its epiphytes is 
facultative in Humboldt Bay, but populations 
growing on the blades are certainly much in- 
creased by seasonally flourishing there. 

A wide variety of motile invertebrates and fish 
frequent eelgrass meadows of the Pacific Northwest 
(see Phillips 1984). In Humboldt Bay, three species 
of commercially important crabs, Dungeness crab 

(Cancer magister) and rock crabs (C. antennarius 
and C. productus) are relatively common in dense 
eelgrass beds of South Bay. The rock crabs have 
recently been the basis for a small commercial 
fishery, while Dungeness crab is the basis of a large 
fishery in coastal nearshore waters. Dungeness 
crabs are taken regularly in the bay by sport fish- 
ing. Other crab species, various shrimps, amphi- 
pods, nudibranchs, brittle stars, nemerteans, flat- 
worms, sea cucumbers, snails, and flatfishes are 
also commonly found in eelgrass beds of the bay. 

Invertebrates ofSubtidal Marine 
Habitats 

The subtidal channels in the central part of 
Humboldt Bay were sampled in 1974 before a 
major dredging operation (Boyd et al. 1975) and 
again in 1980 (Bott and Diebel 1982) to determine 
the nature of recolonization of sediments after 
dredging. Little is known about the fauna of shal- 
low, irregularly dredged channels in South Bay 
and Arcata Bay. Thompson (1971) described the 
sediments in shallow channels as containing pro- 
gressively more silt in their upper reaches, and the 
different sediment composition can be expected to 
exert some influence on the composition of infau- 
nal assemblages. 

Boyd et al. (1975) enumerated 141 species of 
invertebrates taken at 65 stations in Entrance Bay, 
North Bay Channel, Samoa Channel, and Eureka 
Channel. With the exception of the Entrance Bay 
stations, Bott and Diebel (1982) revisited 58 sta- 
tions in the same area and enumerated 188 species 
of benthic invertebrates. In both surveys, polychae- 
tes dominated the fauna, followed by mollusks and 
crustaceans. These three groups accounted for ap- 
proximately 90% of the species present in 1974 and 
1980. Polychaetes were the most numerous, ac- 
counting for 49% of all species collected in 1974 and 
54% of all species taken in 1980. Mollusks ac- 
counted for 19% of the species in 1974 and 21% of 
the species in 1980. About 22% of the species taken 
in 1974 were crustaceans, but this group declined 
slightly to 16% of the species in 1980. Benthic 
organisms were classified as "characteristic" of the 
sampled area if they occurred at 50% or more of the 
sampled stations. There were nine polychaete spe- 
cies, six mollusk species, two nemertean species, 
and a phoronid that fit this criterion in both the 
1974 and 1980 sampling periods (Table 3.2). The 
presence and abundance of these and several other 
species collected in both surveys indicates that the 
faunal composition of benthic subtidal assemblages 
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Table 3.2. Characteristic species (taken at >50% of stations sampled) in benthic subtidal habitats of the 
central portion of Humboldt Bay in 1974 and 1980 (Boyd et al. 1975; Bott and Diebel 1982). 

Family 

Folychaetes 

Crustaceans 

Mollusks 

Nemerteans 

Phoronida 

1974 

Glycinde polygnatha* 
Haploscoloplos elongatus* 
Lumbrineris tetraura 
Lyailla labiata* 
Mediomastus califomiensis^ 
Owenia collaris* 
Phloe tuberculataa 

Platynereia biconaliculata* 
Polydora socialisa 

Spiophanes bombyx* 
Spiophanes berkeleyorum 

Crangon nigricauda 
Diastylis sp. 
Lamprops sp. 
Photis brevipe8 
Protomedia nr. articulate 
Tritella pilimana 

Adula diegensis* 
Clinocardium nuttallii* 
Lyonsia californica 
Macoma inquinata 
Mysella tumida* 
Protothaca staminea* 
Saxidomus sp. 
Trxmsennella tantilla* 
Tresus capax* 

Paranemertes califomicaa 

Tubulanus pellucidus* 

Phoronopsis viridis* 

1980 

Amaeana occidentalis 
Eumidia bifoliata 
Exogone lourei 
Glycinde polygnatha* 
Haploscoloplos elongatus* 
Lysilla labiata* 
Mediomastus califomiensis'1 

Nephtys caecoides 
Ophelia assimilis 
Owenia collarisa 

Phloe tuberculata" 
Platynereis bicanaliculataa 

Polydora socialis* 
Sphaerosyllis califomiensis 
Spiophanes bombyx* 
Tharyx monilaris 
Tharyx multifilis 

None 

Adula diegensisa 

Alvinia compacta 
Clinocardium nuttalliia 

Mysella tumidaa 

Protothaca stamineaa 

Transennella tantillaa 

Tresus capax* 

Cerebratulu8 califomiensis 
Paranemertes californica11 

Tubulanus pellucidus* 

Phoronopsis viridisa 

Species found in >50% of samples in both 1974 and 1980. 

in the bay is relatively constant, even following 
significant disturbances. There were some surpris- 
ing findings in the 1980 survey, however. In that 
year, no crustacean species were found at 50% or 
more of the sampled stations, whereas six relatively 
motile crustacean species had been characteristic 
of the sampled stations in 1974. Although these 
motile species appear to be able to move freely over 
subtidal substrates and quickly recolonize exposed 
sediment surfaces, this apparently had not oc- 
curred throughout the area sampled. The six crus- 
tacean species characteristic of all samples in 1974 

were collected again in 1980 but were more spo- 
radic in occurrence. This could reflect sampling 
error (possible), insufficient time for crustacean 
species to fully reoccupy dredged areas (unlikely), 
or greater habitat heterogeneity than had been 
present prior to dredging (probable). The five mol- 
lusk species that occurred at more than 50% of the 
stations in 1974 and 1980 may represent remnant 
populations. These animals, deeply burrowed into 
the sediments, would remain in areas where dredg- 
ing had taken place. Their presence appears to 
indicate little change, but actually the absence of 
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motile and selective crustaceans indicates that a 
major change had occurred. The crustacean and 
polychaete distribution patterns indicate the exist- 
ence of more restricted and heterogeneous sedi- 
ment types. 

A significant change in the faunal composition 
of the dredged channels was the increased abun- 
dance of the polychaete Owenia collaris. This spe- 
cies was present throughout the study area in 
1974, but accounted for over half the number of 
individual animals collected at all stations in 
1980. Apparently, Owenia was able to recolonize 
the newly dredged areas of the channels with a 
high degree of success, becoming the numerically 
dominant species throughout the area. 

In both 1974 and 1980, the distribution of ben- 
thic animals was related to the sediment compo- 
sition in the central part of the bay. In general, 
"clean sands" with little or no silt present con- 
tained a species-poor assemblage with the poly- 
chaete Glycera oxycephala, the bivalve Tellina 
nuculoides, and the sand dollar Dendraster excen- 
trkus in both sampling periods. In 1974, two other 
polychaete species, Ophelia assimilis and Spio- 
phanes bombyx, were also present in the assem- 
blage. It seems unlikely that the character of the 
sediment itself determines the fauna contained, 
but rather, that the sediment composition and the 
fauna are both responding to some other deter- 
mining factor, probably the speed of water move- 
ment over the bottom. Water currents of relatively 
high speed transport smaller sediment particles 
away from heavier sand particles, and also re- 
quire that sessile animals possess adaptations 
that allow them to remain in place. Sand dollars 
possess adaptations that allow individuals to re- 
main stably positioned in fairly dynamic benthic 
habitats (Chia 1973), and Tellina nuculoides occu- 
pies shallow inshore habitat not subject to direct 
forces of bottom currents. The polychaete Glycera 
oxycephala is more difficult to characterize in re- 
lation to bottom currents and the sedimentary 
regime. Morphologically, the proboscidial organ 
would suggest a predatory life style, with small 
crustaceans and other small polychaetes as prey. 
Alternatively, the species could be a deposit feeder, 
but the lack of much organic matter in the sands 
would argue against that conclusion. 

The species-poor assemblage was found in 1974 
and 1980 off the southwestern tip of Indian Island 
at the confluence of the Samoa and Eureka chan- 
nels. Another species-poor area lies between the 
North Spit and the Elk River Spit, where North 

Bay Channel is narrowly confined as it joins En- 
trance Bay (Fig. 1.1). In both areas identified as 
species poor in 1974, dredging activities in 1977- 
78 appear to have resulted in the expansion of the 
assemblage (Fig. 1.1). The species-poor area be- 
tween North Spit and Elk River Spit was signifi- 
cantly larger in 1980 than it had been in 1974, and 
the area to the southwest of Indian Island had also 
increased in size following dredging. 

Other areas in the central part of the bay have 
been characterized as species-rich or of mixed fau- 
nal composition. These areas had more silt present 
in sediments, or are mixed sediments with various 
amounts of silt, gravel, and biogenous material. 
The species-rich assemblage contains more species 
and a greater abundance of organisms at each 
station. Polychaetes and mollusks (Table 3.2) are 
characteristic of species-rich areas. The feeding 
types of the polychaetes in particular indicate that 
suspension feeding and surface-deposit feeding are 
the successful trophic strategies in areas occupied 
by this assemblage. These strategies suggest mod- 
erate to slow-moving currents over bottom areas 
where the assemblage is encountered, with resul- 
tant deposition of finer particles of sediment and 
organic matter during periods of low tidal water 
movement. 

It would be of considerable interest to extend 
investigations of benthic assemblages into the less 
frequently disturbed shallow channels of Arcata 
Bay and South Bay. It is known that commercially 
important fish species move into these channels 
(Misitano 1970) and probably feed there (Toole 
1978). It is not known if the faunal assemblages of 
the shallow channels are similar to those found in 
the deeper channels of the central bay. Maintain- 
ing the conditions necessary to support abundant 
populations of benthic invertebrates is directly 
related to the continuation of commercial fisheries 
for English sole and speckled sanddabs. 

Mariculture and Introduced Species 

A number of attempts have been made over the 
past century to introduce potentially valuable in- 
vertebrates into Humboldt Bay. The most notable 
success has been the introduction of Pacific oysters 
(Crassostrea gigas), grown most extensively on 
beds in Arcata Bay. A number of other introduced 
species failed to flourish on a commercial basis 
(e.g., the Atlantic oyster Crassostrea virginica and 
the Atlantic quahog, Mercenaria mercenaria). 
With the introduced species have come a variety of 
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incidental species that have sometimes flourished, 
although the species with which they originally 
were introduced have had to be maintained by 
continual introduction. Introduced estuarine spe- 
cies are not nearly as common in Humboldt Bay as 
they are in other Pacific coastal bays, probably 
because true estuarine conditions prevail in only a 
part of the bay during above-normal runoff peri- 
ods. San Francisco Bay in particular has come to 
support a veritable potpourri of introduced estu- 
arine species from around the world as a result of 
the more extensive estuarine conditions, the com- 
mercial shipping entering the bay from all over the 
world, and numerous attempts at culturing exotic 
species. The invertebrate fauna there is now domi- 
nated by non-native species (Carlton 1979). In 
contrast, relatively few exotic species have become 
successfully established in Humboldt Bay. 

Oyster culture in Arcata Bay is carried out 
primarily on raised beds that are harvested by 
dredging. There is also a small tray culture and 
suspended lantern net operation in Mad River 
Slough, but that fishery is of minor economic sig- 
nificance compared to oysters taken from Arcata 
Bay. Oyster harvesting is the largest commercial 
fishery in the bay, with a yearly production of 
397,000 kg and a market value of $1.7 million 
(Shapiro and Associates, Inc. 1980). Oyster cultur- 
ing has apparently caused major changes in the 
biological communities of Arcata Bay, the most 
evident of which has been the reduction of eelgrass 
beds. The growth of eelgrass in Arcata Bay is 
sparse compared to growth in South Bay, appar- 
ently a result of oyster culture on the raised beds, 
with consequent reduction in bottom area on which 
eelgrass can grow. There has also been speculation 
that finer sediments are continually resuspended 
by harvesting oysters with dredges, with resulting 
increases in water turbidity and decrease in 
growth of eelgrass (Waddell 1964). Native bivalve 
species (notably littleneck clams, Protothaca sta- 
mined) also flourish in the oyster beds, but the 
biological character of Arcata Bay has obviously 
been modified by oyster-culturing activities. 

The softshell clam (Mya arenarid) has been no- 
tably successful in estuarine areas of Arcata Bay 
and in a small area of South Bay near Whites 
Slough. It is not known whether this species was 
intentionally introduced or accompanied the intro- 
duction of some other species. It was often the 
practice in the late nineteenth and early twentieth 
centuries to pack seed cultch bearing young oysters 
in algae from the source area, and this apparently 

accounted for the introduction of many incidental 
species, softshell clams possibly among them. Soft- 
shells are relatively abundant in Mad River Slough 
and along the northern intertidal areas of Arcata 
Bay. The species is able to reproduce in the bay 
(Simel 1980) and supports a small sport fishery. 

A number of other less conspicuous species are 
apparently of foreign origin, although essentially 
nothing is known of their influences on the bay 
ecosystem. The snail Ovatella myosotis, found in 
salt marshes, is of Atlantic coastal origin. Pilings in 
the bay are eventually riddled by gribbles, the 
Atlantic boring isopods Limnoria tripunctata and 
L. quadripunctata. The polychaetes Pseudopoly- 
dora kempi and Streblospio benedicti were probably 
introduced to the bay. Although the Humboldt Bay 
fauna has not been greatly modified by these intro- 
ductions, there is no doubt that many introductions 
have occurred as a result of commercial shipping 
activities and oyster culture. It would be difficult to 
assess now what impact these introductions have 
had on the bay ecosystem. 

Fishes 
Humboldt Bay has a diverse fish fauna com- 

posed of estuarine and marine forms. Appendix C, 
modified from Gotshall et al. (1980), and Shapiro 
and Associates, Inc. (1980), lists 110 species re- 
corded for the bay. 

Sharks and Rays 

The most common sharks in the bay are the 
brown smoothhound (Mustelus henlei), the leop- 
ard shark (Triakis semifasciatd), and the sevengul 
shark (Notorynchus maculatus). These sharks in- 
habit the deep tidal channels at low tide, but swim 
into small channels and over the mudflats to feed 
at high tide. Sharks are most numerous in the bay 
during the summer months. The bay supports a 
minor commercial fishery for the sevengill and leop- 
ard sharks, which are caught by hook and line and 
in drift gill nets. These sharks are quite palatable 
and some sport anglers specialize in bay shark 
fishing. The Eureka office of the California Marine 
Advisory Extension Service distributes a brochure 
on shark angling in Humboldt Bay. Sharks are 
high-level carnivores, but most species are om- 
nivorous (Shapiro and Associates, Inc. 1980). 
Smaller inshore species (i.e., the brown smooth- 
hound and leopard shark) feed largely on crusta- 
ceans and mollusks. 
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Bat rays (Myliobatis californicd) are common in 
Humboldt Bay channels and over the mudflats at 
high tides. In bays and sloughs, bat rays feed heav- 
ily on clams, oysters, shrimp, and crabs (Baxter 
1960). Commercial oyster beds in Arcata Bay are 
commonly fenced or "staked" to protect them from 
bat rays, which can severely damage an oyster bed 
in a short time. Humboldt Bay oyster companies 
are periodically given special reduction permits to 
seine channels adjacent to oyster beds to remove 
rays. Bat rays are often caught by sport anglers. 
The meat filleted from the pectoral fins or wings is 
edible, but most anglers catch and release rays 
because they are unaware of their palatability. 

Herrings and Anchovies 

Humboldt Bay is an important spawning and 
nursery area for the Pacific herring. Adult herring 
enter the bay and spawn from December to March. 
In winters 1974-75 and 1975-76,80% of all spawn- 
ing in the bay took place in eelgrass beds in Arcata 
Bay (Fig. 3.5; Rabin and Barnhart 1986); spawn- 
ing herring biomass WEIS estimated at 337 t in 
1974-75 and 210 t in 1975-76. Herring larvae, 
collected from January through May, were second 
in abundance in a 1969 larval survey of Humboldt 
Bay (Eldridge and Bryan 1972). Herring juveniles 
have been collected in the bay by trawl and seine 
during the spring, summer, and fall (Samuelson 
1973; Sopher 1974; Waldvogel 1977). 

There is commercial gill-net fishing each winter 
in Humboldt Bay for adult herring, primarily to 
obtain roe for export to Japan (Barnhart 1986a). 
The quota since 1983 has been 541 and each year 
the catch approaches the quota. The fishery is 
located primarily in Arcata Bay. 

Herring eggs deposited on eelgrass are con- 
sumed by birds, primarily gulls, Larus spp. (Spratt 
1981; Barnhart 1986a), although bird predation in 
Humboldt Bay is probably not significant (Rabin 
and Barnhart 1986). Subadult and adult herring in 
schools appear to be one of the major forage fishes 
of the sea, providing food for salmon, sharks, ling- 
cod, waterfowl, sea lions, and whales (Hart 1973). 

Schools of subadult and adult northern anchovy 
(Engraulis mordax) migrate into Humboldt Bay in 
spring and summer, primarily to feed (Peters 1970; 
DeGeorges 1972; Sopher 1974; Waldvogel 1977). 
Estimates of summer (July-August) biomass of 
anchovies in Humboldt Bay for the years 1976, 
1979, 1980, 1983, 1984, and 1986 averaged 82 t 
(Barnhart 1986b). These fish are important as food 
for other fish and birds; in some years anchovy 

Arcata Bay 

Fig. 3.5. Eelgrass and Pacific herring spawning 
distributions in Arcata Bay during the winters of 
1974-75 and 1975-76 (from Rabin and Barnhart 
1986). 

schools apparently attract salmon into the bay, 
providing a salmon sport fishery (Monroe 1973; 
Warner 1982). 

There is a five-bait fishery for northern anchovy 
by albacore (Thunnus alalungd) fishermen in 
Humboldt Bay, with a quota of 13.61 and a season 
of September 1-December 1. The number of alba- 
core-bait boats that fish the bay varies consider- 
ably from year to year. 

Misitano and Peters (1969) examined the stom- 
ach contents of herring and anchovy from Hum- 
boldt Bay. Anchovy fed largely on benthic cope- 
pods, other benthic crustaceans, and diatoms (69% 
of the total diet), whereas herring fed predomi- 
nantly on pelagic copepods (69% of the total diet). 

Salmons and Trouts 
Chinook salmon (Oncorhyncus tshawytschd), 

coho salmon (O. kisutch), rainbow trout (O. myk- 
iss), and cutthroat trout (O. clarki) are anadro- 
mous species that enter Humboldt Bay tributaries 
as adults to spawn. The most important tributary 
streams are Jacoby Creek and Freshwater Creek 
in Arcata Bay, Elk River in Entrance Bay, and 
Salmon Creek in South Bay. Several bay tributar- 
ies support remnant resident populations of cut- 
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throat trout. Bay tributaries historically sup- 
ported larger populations of anadromous fish that 
contributed significantly to a bay fishery, but 
stream-habitat degradation has severely limited 
these populations (Monroe 1973). Young sal- 
monids, after spending varying lengths of time in 
fresh water, migrate into saltwater to grow further 
and mature. Humboldt Bay provides a nursery 
area for juvenile salmonids (Monroe 1973). 

Since 1964 the Humboldt Fish Action Council, a 
citizens' action group, has worked with the Califor- 
nia Department of Fish and Game, Humboldt 
County, the California Conservation Corps, and the 
Pacific Lumber Company on a number of salmon 
and steelhead rearing and stocking programs to 
restore fish populations in the Humboldt Bay area 
(Miller 1982). The Council currently has a fish trap 
and fish-rearing facilities on Freshwater Creek. 
Since 1963, the Arcata Wastewater Aquaculture 
facility has operated on Arcata Bay. Several ponds 
adjacent to a city of Arcata's large wastewater 
oxidation pond are used to rear salmonids for re- 

lease into Humboldt Bay. Some fish are released 
directly into the bay and others into nearby Jolly 
Giant Creek. A projected system will use an exist- 
ing 6.9 ha recreational lake to produce a totally 
self-sustaining run of salmonids to be released into 
a small, artificially created drainage on Arcata Bay. 

At present, the recreational fishery for sal- 
monids on Humboldt Bay consists largely of 
salmon fishing during the summer in Entrance 
Bay, particularly from the jetties or by boat be- 
tween the jetties. However, large numbers of 
salmon anglers leave from the bay to fish near- 
shore waters outside. Smith (1966) estimated that 
10,000-15,000 anglers operating from about 5,000 
boats fish out of Humboldt Bay annually. The Pa- 
cific Fishery Management Council (1986) reported 
that in 1971-75, recreational salmon anglers 
fished an average of 40,000 angler-days annually 
out of Humboldt Bay and averaged about 10,000 
chinook salmon caught. Salmon anglers took 
26,000 chinook in 1985, fishing from ports on Hum- 
boldt Bay. Three licensed party boats operate from 
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Fig. 3.6. Salmon caught by party boat anglers fishing outside Humboldt Bay. 
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Humboldt Bay; the majority of their clients fish for 
salmon (Fig. 3.6). One party boat operator esti- 
mated that he charters 1,000-1,500 anglers each 
season (Walters 1982). 

Commercial fishing has historically been a ma- 
jor industry for the Humboldt Bay area and salmon 
fishing has always sustained a large portion of the 
commercial fishery. From 1971 through 1975, fish- 
ermen averaged 276,000 salmon annually landed 
at Eureka docks (Pacific Fishery Management 
Council 1986). In recent years, however, landings 
have been greatly reduced due to declines in 
salmon populations and coincident restrictions on 
commercial seasons. 

Smelts 

Smelts are important forage fishes in Humboldt 
Bay. Longfin smelt (Spirinchus thaleichthys) lar- 
vae were third in abundance in a larval fish survey 
of Humboldt Bay (Eldridge and Bryan 1972) and 
longfin smelt juveniles and adults were fourth in 
abundance in a trawl survey of Arcata Bay (Sopher 
1974). The most abundant incidentally caught fish 
while fishing for anchovies with a lampara seine 
were three species of smelts: longfin, night (S. 
stärkst), and surf smelt (Hypomesus pretiosus; 
Waldvogel 1977). The longfin smelt, classified as 
weakly anadromous by Fry (1973), probably enter 
Humboldt Bay tributaries to spawn. Smelt in ma- 
rine waters feed on small crustaceans, but will eat 
a variety of polychaete worms, larval fish, jellyfish, 
and other suitable food organisms (Shapiro and 
Associates, Inc. 1980). They, in turn, are taken by 
predatory fishes, seabirds, and marine mammals. 

Surfperches 

Seven species of surfperches are abundant or 
common in Humboldt Bay (Appendix C). In So- 
pher's 1974 trawl survey of Arcata Bay, these 
species accounted for 45% of the total catch and 
the shiner perch (Cymatogaster aggregate!), the 
smallest species, ranked first numerically. A 
South Bay trawl survey gave similar results; the 
same seven surfperch species made up almost 50% 
of the total catch and the shiner perch accounted 
for 31% of the total (Samuelson 1973). 

Surfperch species are important recreationally 
in Humboldt Bay and are caught from shore, piers, 
jetties, and skiffs all year. A sport-fish survey of 
Humboldt Bay (1957-60) revealed that surfperch 
made up almost 53% of the catch (Gotshall 1966). 
From March to June most of the redtail surfperch 

(Amphistichus koelzi) catch in Humboldt Bay is 
females whereas from July to October the sex ratio 
is 1:1 (Ngoile 1978). Female redtails enter estuaries 
in the spring to give birth to young (Miller and 
Gotshall 1965; Bennett and Wydowski 1977; Ngoile 
1978). 

There is also a minor commercial fishery for 
surfperches in Humboldt Bay, primarily for the 
redtail surfperch. These fish are captured by beach 
seine and hook and line. Surfperch landings for 
Humboldt Bay from 1981 to 1985 averaged 
9,230 kg annually (California Department of Fish 
and Game, Eureka, unpublished data). The diet of 
redtail surfperch in Humboldt Bay consisted of 
decapods, amphipods, mollusks, polychaetes, 
isopods, cirripeds, bryozoans, and fish, with deca- 
pods first in importance (Ngoile 1978). The diet of 
surfperches in general consists of small crusta- 
ceans and other small invertebrates (Baxter 1960). 
In turn, surfperch serve as forage for carnivorous 
fish species, seabirds, and marine mammals. 

Scorpionfishes (Rockfishes) 

As indicated by trawl surveys (Samuelson 1973; 
Sopher 1974) and sport-fish surveys (Gotshall 
1966) the black rockfish (Sebastes melanops) is 
probably the most abundant rockfish in Humboldt 
Bay. Rockfish are commonly caught by anglers fish- 
ing from jetties. Gotshall (1966) stated that juvenile 
rockfish are common in Humboldt Bay channels; 
the trawl surveys verified this and indicated that 
the bay serves as a rockfish nursery area. Prince 
(1972) reported that rockfish inhabiting an artifi- 
cial reef in South Bay fed primarily on arthropods 
associated with the reef: Dungeness crab, gam- 
marid amphipods, and bay shrimp. Fish is impor- 
tant in the diet of rockfish.Rockfish are caught by 
commercial anglers outside Humboldt Bay and 
from 1981 to 1985 made up 25-31% of the commer- 
cial landings at Humboldt Bay (California Depart- 
ment of Fish and Game, Eureka, unpublished 
data). 

Greenlings 

Humboldt Bay provides spawning and nursery 
areas, particularly the areas around the entrance, 
seawalls, and jetties, for four species of greenlings. 
Jetty anglers fish for the kelp greenling (Hexa- 
grammos decagrammus) and most highly prize the 
lingcod because it attains large size and is very 
palatable. Greenling feed on a variety of crusta- 
ceans, polychaete worms, and small fish. lingcod 
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feed chiefly on other fishes, including herring, 
flounders, and rockfish, and perhaps incidentally 
on squid and various crustaceans (Shapiro and 
Associates, Inc. 1980). 

Flatfishes 
The two most common bottom-feeding fish spe- 

cies in Humboldt Bay are English sole (Parophrys 
vetulus) and speckled sanddab (Citharichthys 
stigmaeus). The English sole, a commercially im- 
portant flatfish, uses Humboldt Bay extensively 
as a nursery area. In trawl surveys of South Bay 
and Arcata Bay (Samuelson 1973; Sopher 1974), 
English sole were second in abundance, making 
up 24% and 26% of the catches, respectively. 
This species spawns offshore and the pelagic 
larvae are carried into the bay by tidal currents. 
Upon metamorphosis to the benthic form, the 
larvae settle or migrate to shallow, sandy areas in 
the bay. Most juvenile sole leave the bay and 
emigrate to deeper waters during the fall of their 
first year, although some remain in the bay 
through their first winter (Misitano 1970; 
Samuelson 1973; Sopher 1974). 

On the basis of comparisons between available 
prey items and composition of prey organisms in 
stomach contents, juvenile English sole in estu- 
arine channels are considered nonselective feeders 
(Collins 1978). Recently metamorphosed English 
sole inhabit intertidal and shallow subtidal sand, 
sand-eelgrass, and mud-eelgrass habitats, where 
they feed primarily on small epibenthic crusta- 
ceans such as calanoid and harpacticoid copepods 

and cumaceans (Toole 1980). Older juvenile Eng- 
lish sole feed primarily on polychaetes, bivalves, 
amphipods, and other infaunal organisms. 

Speckled sanddabs are abundant in Humboldt 
Bay; they accounted for 8% of the total trawl catch 
in Arcata Bay (Sopher 1974) and 9% of the trawl 
catch in South Bay (Samuelson 1973). Sopher's 
(1974) length-to-frequency data suggested three 
age classes present in the bay. Speckled sanddabs 
are somewhat selective bottom feeders, with small 
crustaceans accounting for the majority of prey 
items taken, in both number and volume (Collins 
1978). There is some degree of overlap between the 
diets of English sole and speckled sanddabs, al- 
though not enough to cause significant competition 
for prey (Fig. 3.7). 

The starry flounder (Platichthys stellatus) is also 
common in Humboldt Bay and is sometimes caught 
by bay anglers. It is a euryhaline species known for 
its tolerance of low salinities and has been known 
to move far upstream into fresh water. 

Dover and English soles are commercially im- 
portant outside Humboldt Bay (Fig. 3.8). Flatfishes 
averaged 31-42% of the total landings for Hum- 
boldt Bay from 1981 to 1985 (California Depart- 
ment of Fish and Game, Eureka, unpublished 
data). 

Amphibians and Reptiles 
Shapiro and Associates, Inc. (1980) compiled a 

list of amphibians and reptiles thought to occur in 
the Humboldt Bay area and their occurrence by 

Fig. 3.7. Percentage composition of prey 
groups in the diets of English sole and 
speckled sanddab collected from all 
sections of Humboldt Bay in October 
1974 (from Collins 1978). 
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Fig. 3& A catch of sole being processed at a Humboldt Bay seafood processing plant. 

habitat types. Published literature on herptiles of 
the bay region is scarce. Salt marsh and brackish 
marsh habitats are reportedly inaccessible to herp- 
tile species because of the difficulty they encounter 
in maintaining internal water balance. The Oregon 
garter snake, Thamnophis couchii hydrophila, is 
reported to occur in brackish areas occasionally 
(Stebbins 1966). No threatened or endangered spe- 
cies of amphibians or reptiles occur in the Hum- 
boldt Bay region. 

Birds 
The most visible and at times spectacular wild- 

life of Humboldt Bay are the birds. Most of the 
millions of fall and winter birds migrating south- 
ward along the Pacific coast pause to rest and feed 
on, or in areas adjacent to, the bay for varying 
periods of time (Monroe 1973). Humboldt Bay is a 
major wintering area for over 100 species of migrat- 
ing water birds (Harris 1966). The bay also sup- 

ports a variety of resident birds. A total of 251 
species of birds have been noted for Humboldt Bay 
(Appendix D). 

Waterfowl 

Humboldt Bay, as an ecological unit, is most 
important to the waterfowl (Monroe 1973). Counts 
of 124,000 ducks have been recorded for Humboldt 
Bay (Proctor et al. 1980), but midwinter counts 
generally range from 20,000 to 60,000 (Springer 
1982). The American widgeon (Anas americand) is 
consistently the most abundant duck during the 
hunting season (October-December) with the 
greater scaup (Aythye mania), white-winged scoter 
(MeUmitta fused), northern pintail (Anas acuta), 
redhead (Aythya americand), mallard (Anas 
platyrhynchos), and green-winged teal (A. creccd) 
present in high numbers during this period 
(Shapiro and Associates, Inc. 1980). Waterfowl 
hunting is estimated to provide over 25,000 
hunter-days of recreation annually (Monroe 1973). 
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Ducks mostly use open-water areas of the bay 
and water-covered mudflat and eelgrass areas. 
Diet studies by Yocum and Keller (1961) showed 
plant foods to be more important to puddle ducks 
(widgeons, pintails, mallards, and green-winged 
teal), with clams and gastropods the principal 
animal foods. With the exception of the ruddy 
duck (Oxyura jamaicensis), the diving ducks— 
canvasback (Aythya valisinerid), lesser scaup (A. 
affinis), greater scaup, bufflehead (Bucephala al- 
beold), and scoter—were more dependent on ani- 
mal foods. Diets varied somewhat by species, lo- 
cation, and food availability. 

Mallards and gadwalls are not abundant but 
are present all year and nest locally. Cinnamon 
teal (Anas cyanoptera) also nest on Humboldt 
Bay and are generally observed during the 
spring and summer. Approximately 19,770 ha 
of suitable nesting area are available within the 
bay area (Monroe 1973). Mallards seem to prefer 
tall stands of hairgrass to shorter cover for nest- 
ing (Wheeler and Harris 1970); cinnamon teal 
nest more frequently in short vegetation. No 
diving ducks nest locally. Arcata Bay supports 
over 70% of the duck use in Humboldt Bay (Mon- 
roe 1973). 

Although all three species of mergansers or 
fish ducks are found in Humboldt Bay, only the 
common merganser (Mergus merganser) nests 
locally. Foreman (1975) reported that flocks of 
the common merganser averaged 2.7 individu- 
als during the spring mating season and 8.2 
during the brooding season, and occasionally 
were quite large during the winter. Mergansers 
feed almost entirely on animal matter, with 
small fish making up the bulk of their diet along 
with mollusks, crustaceans, and insects (Mon- 
roe 1973). 

A bird dependent on Humboldt Bay is the black 
brant (Branta bernicla nigricans), a small marine 

goose. Pacific Flyway brant nest in the Arctic and 
winter in estuaries of southern California and 
Mexico. Humboldt Bay is located approximately 
halfway between suitable brant habitat in 
Washington and Mexico, and indications are 
that the bay is an important rest and feeding 
stop. An estimate that 25% of the total brant 
population, or about 35,000 birds, pause in 
Humboldt Bay during northward spring migra- 
tion may be low because constant ingress and 
egress of migrants make an accurate estimate 
difficult (Henry 1980). Brant numbers and 
brant-use days have declined greatly for the bay 
(Springer 1982). Henry (1980) concluded that 
human disturbance and hunting have been the 
principal cause of the decreases. One objective 
for the formation of the Humboldt Bay National 
Wildlife Refuge was to provide a sanctuary for 
brant and to restore a wintering population of 
brant on the bay. At one time, as many as 10,000 
brant wintered there (Moffitt 1934), but the num- 
ber has now declined to less than 100 birds 
(Springer 1982). Recently, the peak migrant brant 
numbers for Humboldt Bay have been only 900 in 
fall and 11,000 in spring, and brant-use days were 
about 350,000 in 1981-82 (Springer 1982). Brant 
prefer to eat eelgrass (>80% of diet), and brant 
feeding habitat roughly aligns with eelgrass beds 
in the bay. For short periods when eelgrass is 
limited, brant will subsist on grasses from agricul- 
tural lands adjacent to the bay. South Bay is by 
far the most important brant area, with more than 
90% of the brant use recorded there (Monroe 
1973). 

A breeding colony of double-crested cormorants 
located on the abandoned remains of the old Arcata 
wharves in Arcata Bay is thought to be the largest 
in California and the second largest on the Pacific 
coast (Ayers 1975). Cormorants fish mostly in the 
deep channels of the bay. 

Fig. 3.9. Shorebirds over Humboldt Bay 
(photograph by Eureka Times 
Standard). 
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Shorebirds 

Humboldt Bay has been known historically as 
one of the most important shorebird concentra- 
tion areas in California (Fig. 3.9), hosting plovers, 
avocets, phalaropes, and shorebirds. Feeding ar- 
eas are primarily intertidal mudflats, pastures, 
beaches, sandflats, shoreline eelgrass wracks, 
and marshes. They feed extensively on inverte- 
brates, usually extracting them from the soft mud 
or sandy substrate by various ways of probing or 
pecking. Holmberg (1975) examined food in the 
digestive tracts of seven species of shorebirds col- 
lected from Arcata Bay mudflats and pastures. 

During the summer, small numbers of nonbreed- 
ing shorebirds are present in Humboldt Bay. South- 
ward migrating birds begin arriving in late July and 
peak from September through April when the daily 
average shorebird count exceeds 26,000. Counts are 
consistently higher for Arcata Bay thanfor South Bay. 

The common snipe (Gallinago gällinago) is a 
shorebird game species. White and Harris (1966) 
found that salt marshes were most important to 
the snipe, with upland pasture, plowed land, and 
lowland pasture less important. Snipe eat both 
plant and animal material; plant fibers, insects, 
and seeds appeared most frequently in stomach 
samples (White and Harris 1966). 

Wading Birds 

Herons, egrets, and bitterns are regularly seen 
on Humboldt Bay, and a 1.6 ha grove of trees on 
Indian Island is a rookery for the great egret 
(Casmerodius albus), great blue heron (Ardea 
herodias), black-crowned night-heron (Nycticorax 
nycticorax), snowy egret (Egretto thula), and cat- 
tle egret (Bubulcus ibis; Fig. 3.10). As many as 256 
pairs of great egrets (the most northerly nesting 
group along the Pacific coast), 87 pairs of great 
blue herons, 23 pairs of snowy egrets, and 3 pairs 
of cattle egrets (first reported nesting in the rook- 
ery in 1978) have been counted (Springer 1982). A 
rookery used only by black-crowned night-herons 
is located on the Samoa Spit. 

Great egrets forage in groups in mudflats and 
salt marshes and singly along tide channels and 
highway margins (Schlorff 1978). Wading birds feed 
primarily on small fish, crustaceans, amphibians, 
and other water-associated organisms; herons and 
egrets will also take small mammals and reptiles 
(Monroe 1973). Schlorff (1978) found that although 
small mammals made up only 1% of the overall 
diet of great egrets, they contributed 15% of the 

biomass and 16% of the energy they consumed 
annually. 

Raptors 
The most common raptors observed for Hum- 

boldt Bay are the osprey (Pandion haliaetus), red- 
tailed hawk (ßuteo jamaicensis), and American 
kestrel (Falco sparverius). The peregrine falcon 
(Falco peregrinus), an endangered species, is 
thought to breed in the vicinity of Humboldt Bay 
but there are no recent nesting records. The os- 
prey's principal fishing ground is South Bay, 
where several species of fish are taken; sur- 
fpercb.es are probably the most important (Ueoka 
1974). The red-tailed hawk hunts over bay 
marshes and adjacent agricultural land, taking 
primarily rodents and other small mammals. The 
kestrel is more common in spring, fall, and winter 
(S.W. Harris, Department of Wildlife, Humboldt 
State University, Arcata, California, unpublished 
data). Kestrels hunt in pastures, marshes, and 
shrubby riparian areas of the bay, catching a va- 
riety of invertebrates and small vertebrates. 
These birds are commonly observed hunting from 
the tops or wires of utility poles. 

Miscellaneous Birds 
Humboldt Bay is important habitat to a number 

of gulls and terns; 24 species of the family Laridae 
have been observed on the bay (S.W. Harris, De- 
partment of Wildlife, Humboldt State University, 
Arcata, California, unpublished data). Over 100 
pairs of Caspian terns (Sterna caspia) formerly 
nested on Sand Island (Yocum and Harris 1975), 
but no nesting terns have been reported in recent 
years. 

Other studies on bird use of the Humboldt Bay 
environs were reported by Burton (1972) for Gün- 
ther Island, Hill (1977) and Sorensen and Springer 
(1977a) for dune habitat, Hoff (1979) for Arcata bay 
pasture land, Spitler (1985) for newly created wet- 
lands, Sorensen and Springer (1977b) for diked 
coastal salt marsh, and Nelson (1989) for south 
Humboldt Bay. 

Mammals 

Over 37 species of mammals are commonly 
found in the Humboldt Bay area, and at least 32 
other species can be found at times (Appendix E). 
Shapiro and Associates, Inc. (1980) divided Hum- 
boldt Bay mammals into five categories: big game, 
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©— Egret and heron rookery 
©— Night heron rookery 
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Fig. 3.10. Special wildlife use areas on Humboldt Bay. The cormorant rookery is denoted by the small shaded patch 
between the tern rookery and a seal hauling area (from Monroe 1973). 
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carnivores, furbearers, small mammals, and ma- 
rine mammals. 

Blacktailed mule deer (Odocoileus hemionus 
columbianus), the most common of the big-game 
animals, occur on Günther and Woodley islands 
and in the lowland agricultural areas around the 
bay. Deer browse on shoots of shrubs and young 
trees, preferring leaves of blackberry (Rubus spp.) 
and salal (Gaultheria shallori), and twigs and 
stems of huckleberry (Wiccinium spp.), cascara 
(Rhamnus purshiana), and Douglas fir (Pseudo- 
tsuga menziesii) seedlings (Crouch 1966). Elk 
(wapiti, Cervus elaphus) occasionally stray into 
agricultural areas around the bay where they 
graze on meadow grasses. 

Large carnivores most likely to be found around 
Humboldt Bay are gray fox (Urocyon cinereoargen- 
teus), bobcat (Lynx rufus fasaatus), and coyote 
(Canis latrans), though all are uncommon. These 
carnivores feed on small mammals, birds, and 
insects. Mustelid weasels and skunks are small 
carnivores common to the bay environs. Weasels 
commonly eat other small mammals, birds, 
snakes, and insects. Skunks feed principally on 
insects, rodents, small birds, and possibly bird 
eggs (Ingles 1965). 

Furbearers commonly observed near Humboldt 
Bay are river otter (Lutra canadensis brevipilosus) 
and raccoon (Procyon lotor). The river otter gener- 
ally inhabits tributary streams but is sometimes 
seen in tidal sloughs of the bay. Food items include 
fish, amphibians, and various aquatic inverte- 
brates. 

Small mammals include all species of nonfur- 
bearers up to the size of a jack rabbit. Shrews 
consume large quantities of insects to meet a very 
high metabolic demand. They may be important in 
limiting certain insect populations and are suscep- 
tible to bioamplification of environmental toxins 
(Shapiro and Associates, Inc. 1980). 

A diverse group of small rodents inhabits the 
bay area, many of them part of the complex food 
chain supporting the larger forms of flesh-eating 

birds and mammals. Ground squirrels, chip- 
munks, gophers, rats, mice, and voles are common 
in wetland areas with good cover. These animals 
eat a variety of insects and plant foods. Among 
lagomorphs, black-tailed jack rabbit (Lepus cali- 
fomicus) and brush rabbit (ßylvilagus bachmani 
ubericolor) are common in agricultural and ripar- 
ian areas around Humboldt Bay and provide some 
small-game hunting opportunities. Both mam- 
mals eat a variety of plant foods. 

At least nine species of bats are common to the 
bay area, but little is known about their roosting 
sites and feeding habitat preferences. Bats can be 
important in limiting certain insect populations 
and are susceptible to the toxic effects of insecti- 
cides concentrated in the food chain (Shapiro and 
Associates, Inc. 1980). 

The harbor seal (Phoca vitulind) is the most 
common marine mammal of Humboldt Bay and is 
a seasonal resident. Monroe (1973) reported that 
over 500 seals have been counted on a single day. 
Breeding populations reach a maximum of about 
300 animals in late spring when pupping occurs, 
mainly in South Bay. The average annual popula- 
tion is around 200 seals. Harbor seals leave the 
water (haul out) for short periods of time to rest 
and give birth to young, primarily from April to 
June (Rosenthal 1968). Seals haul out onto mud- 
flats exposed during ebb tides, primarily adjacent 
to small tidal channels in upper Arcata and South 
bays (Fig. 3.10). They feed on fish and, occasionally, 
invertebrates; in Humboldt Bay they feed on flat- 
fish, surfperch, greenling, and tomcod (Shapiro 
and Associates, Inc. 1980). Jones (1981) found that 
surfperch constituted 41.9% of the harbor seal diet. 

All the marine mammals are migratory, and 
local populations fluctuate. The harbor porpoise 
(Phocoena phocoend), a regular visitor, is the 
porpoise that most commonly uses Humboldt 
Bay. It is usually observed in deepwater channels 
(Monroe 1973). There are no endangered mam- 
mals inhabiting Humboldt Bay or its surrounding 
area. 
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Chapter 4. Ecological Relationships 

The various ecological communities of Hum- 
boldt Bay interact with each other and with the 
physical environment of the bay. The potential 
relationships are many and the degree of interac- 
tion between species ranges from casual to essen- 
tially obligate. The model that will be followed here 
is related to the availability of nutrients that en- 
able plant photosynthetic processes to occur, and 
to subsequent trophic interactions of major groups 
of organisms. 

It is obviously an oversimplification to assign 
individual species or even groups of species to 
definite trophic levels. Generalizations about feed- 
ing strategies are difficult to make for even a single 
species. Among polychaete species of the bay, many 
function at more than one trophic level and may 
change trophic levels depending upon life stage or 
availability of trophic resources (Fauchald and Ju- 
mars 1979). Among higher-level vertebrate preda- 
tors, chiefly fishes and birds, prey selection is wide 
and heavily dependent upon abundance (Collins 
1978; Toole 1978; Baird et al. 1985). Nevertheless, 
a trophic model in which major groups of species 
are assigned to particular levels offers the best 
method of developing an understanding of signifi- 
cant interactions and focusing attention on where 
energy relations must be investigated further. 

Nutrient Availability 

Nutrients enter the bay from several sources, the 
most significant of which are runoff waters from the 
surrounding watershed (including agricultural 
lands adjacent to the bay), anthropogenic sources 
(in particular the two major wastewater treatment 
facilities serving the communities of Arcata and 
Eureka), and nearshore waters adjacent to the bay 
(particularly during periods of upwelling). Pequeg- 
nat and Butler (1981, 1982) suggested that pat- 
terns of nutrient availability and phytoplankton 
productivity are different in the three major com- 
partments of Humboldt Bay (North Bay, Entrance 
Bay, South Bay), where nitrogen can be signifi- 

cantly limiting to plant growth during periods of 
high productivity in the summer months. Biologi- 
cally available nitrogen may fall to such low levels 
that phytoplankton production is significantly re- 
duced, particularly when upwelling ceases during 
summer months (Pequegnat and Butler 1981). Al- 
though the effects of low nitrogen levels on macro- 
phytes have not been tested, it can be assumed that 
their production is also significantly impaired. 

Other potentially limiting nutrients (phos- 
phate, silicate, iron) have been added to samples 
of bay water taken at several locations to deter- 
mine if they were potentially or actually at values 
low enough to limit phytoplankton productivity 
(Ftequegnat and Butler 1981). These nutrient lev- 
els apparently do not fall low enough to limit 
phytoplankton growth. Pequegnat and Butler 
(1981) concluded that nitrogen is the nutrient that 
will first limit plant growth in bay waters. 

It seems unlikely that nutrient levels in the bay 
are significantly limiting to plant growth during 
winter months, when seasonal rainfall is high and 
conform contamination of bay oyster beds indicates 
the magnitude of runoff (presumably with nutri- 
ents) from adjacent agricultural lands. Production 
in salt marsh plants and eelgrass (Zostera) is also 
strongly seasonal in the bay (Rogers 1981; Bixler 
1982), and it is probable that both mudflat algae 
and phytoplankton have similar patterns of sea- 
sonal productivity. During late fall, winter, and 
early spring, decreased light availability is prob- 
ably the significant limiting factor to plant growth 
in bay waters (Raymont 1963). Another important 
factor during that same time period could be strong 
northwesterly winds that accompany storms begin- 
ning in the fall. Masses of mudflat algae and 
Zostera blades are piled up on the windward shores 
of the bay following the first storms of the season, 
suggesting that wind-driven waves dislodge the 
plant material from tenuous attachments on the 
mudflats. Thus, low light levels and dislodgment by 
surface waves are probably the most significant 
factors limiting plant growth in late fall, winter, and 
early spring. 
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Virtually nothing is known about nutrient cy- 
cling in bay waters. Tidal exchange with adjacent 
nearshore waters is a major factor in nutrient 
exchange, both in removing nutrients from the 
bay and in contributing them, particularly during 
periods of upwelling in coastal waters. Both bay 
and nearshore waters are low in plant productiv- 
ity until the onset of longer days, greater intensity 
of solar insolation, and upwelling in mid-April 
(Fequegnat and Butler 1982). At that time, phyto- 
plankton blooms begin in both bay and nearshore 
waters. Since rainfall and runoff are declining 
during the same period, it is probable that upwel- 
ling nutrients, particularly nitrogen, trigger the 
blooms in both the bay and the nearshore phyto- 
plankton. Phytoplankton productivity then levels 
off in the bay but continues to increase in near- 
shore waters, probably fluctuating depending on 
the dynamics of upwelling, until late summer 
(Fig. 2.13). This suggests that nutrients from 
nearshore waters and those from autochthonous 
sources are being rapidly incorporated into plant 
material in the bay during this period of maxi- 
mum productivity. The lower level of chlorophyll 
in bay phytoplankton compared to nearshore phy- 
toplankton (Fig. 2.14) may indicate that competi- 
tion for nutrients from mudflat microalgae and 
macroalgae, and from Zostera, causes limitation 
of the primary productivity of bay phytoplankton 
during this period. The phytoplankton in near- 
shore waters may reach a higher level of produc- 
tivity because those populations have immediate 
access to upwelled nutrients, and there is no com- 
petition from attached macrophytes and benthic 
microflora for nutrients, as is true in the bay. The 
late summer months are thus periods of maxi- 
mum productivity for all aquatic plant popula- 
tions in the bay, and nutrient availability is prob- 
ably significant in limiting primary productivity 
during that period. 

It seems likely that factors other than nutrient 
limitations (reduced light, possibly reduced salin- 
ity, storm waves that cause mudflat algae to be 
removed from the substrate) are significant limi- 
tations to plant growth from late fall to early 
spring. During that period, massive amounts of 
plant material leave the bay on ebb tides or become 
stranded in the upper reaches of bay tidal flats. At 
this time, much of the plant material is undergoing 
decomposition, with two significant results: nutri- 
ents are probably released into the surrounding 
waters and then exported from the bay, and decom- 
posing plant material with associated bacterial 

microflora becomes available to a variety of con- 
sumers. In both instances, nutrients are released 
into the surrounding waters, and the bay probably 
functions as a net nutrient exporter from late fall 
to early spring. It should again be emphasized that 
these are highly speculative statements, based on 
relatively little available data. The net nutrient 
status of the bay, covering at least an entire annual 
cycle, is largely unknown. 

Plant Primary Productivity 

Four major compartments of plant productivity 
can be recognized in the bay. These are plant 
production from the salt marshes that are found at 
higher tidal elevations around the bay, microscopic 
and macroscopic algae growing on tidal mudflats, 
production from eelgrass beds (primarily but not 
exclusively from Zostera marina), and production 
from bay phytoplankton. These plant materials 
differ greatly in their accessibility to potential 
consumers and suitability as food. At one extreme, 
direct grazing on salt marsh rooted vegetation is 
probably insignificant and involves only a few in- 
sect species (Cameron 1972). Much of the plant 
productivity of the marshes is exported as material 
of differing energetic quality (much of it is highly 
resistant to easy assimilation by consumers), 
which becomes available only through bacterial 
decomposers to the major consumers in the bay 
(Tenore 1977). At the other extreme, suspended 
phytoplankton may be readily available to many 
filter feeders and is probably relatively easy to 
process and digest. Eelgrass, benthic microflora, 
and macrophytic algae probably lie between these 
extremes. 

Rogers (1981) studied the productivity of 
Spartina densiflora, Distichlis spicata, and 
Salicornia virginica. He chose two sites, both bor- 
dering North Bay, where study areas supported 
essentially monocultures of one of these species, 
and used three methods to calculate the above- 
ground net annual primary productivity of the 
plants. Eicher (1987) presented a more complete 
list of salt marsh species at several sites around 
the bay, but the data on primary productivity re- 
ported by Rogers (1981) remains the best available 
and thus were used to estimate annual net produc- 
tivity components in Humboldt Bay (Table 4.1). 

Rogers (1981) was fortunate in sampling during 
a year of much reduced rainfall in 1977, and 2 years 
of near-average rainfall in 1976 and 1978. All three 
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Table 4.1. Primary productivity from various Humboldt Bay sources. 

Source Area (hectare) 
Productivity 

(g dry wt/m /yr) 
Annual production 

(lO^kg) 

Salt marshes 

Spartina dominated 223 1,251" 2.790 

Salicomia + Distichlis- 
dominated 

167 731" 1.220 

Mudflat microalgae and 
macroalgae 

2,878 315b 9.066 

Eelgrassbeds 
(mostly Zostera) 

1,178 1,012 c 11.920 

Phytoplankton 2,205d 136b 3.000 

Bay total 6,651 3,445 27.996 
a Rogers 1981. 
b Pequegnat and Butler 1982. 
c Bixler 1982. 

Area of shallow and deep channels. 

species of salt marsh plants showed decreased an- 
nual net productivity in 1977 because of reduced 
precipitation, and Rogers (1981) attributed the de- 
crease to osmotic stress caused by ion accumulation 
in marsh sediments. The estimates of annual net 
primary productivity in Table 4.1 are averages of 
the three methods and 3 years of data that Rogers 
(1981) presented. Because these estimates are 
based on net productivity for only the above ground 
portions of plants and include a year in which 
essentially drought conditions prevailed, the esti- 
mates must be viewed as fairly conservative. The 
productivities of salt marsh plant species other 
than those studied by Rogers (1981) are also un- 
known and could modify the estimates shown in 
Table 4.1. 

The fate of plant material produced in the 
marshes is not certain. All of the marshes in the 
bay are adjacent to mudflat areas, suggesting that 
dead plant material would be transported onto the 
flats, where it would enter the food chain as detri- 
tus. Direct consumption of salt marsh plants is 
virtually unknown among invertebrates. The mi- 
croflora on the surface of the dead plant material 
could be significant in the diets of both polychaetes 
and crustaceans of the flats (Fauchald and Jumars 
1979; Morris et al. 1980), and decomposition would 
also release dissolved organic matter (DOM) into 
the surrounding water, where it might contribute 
to the nutrition of soft-bodied invertebrates 
(Stewart 1979). These pathways of energy use are 
not as efficient as direct consumption of plant 

material by herbivores, so the amount of energy 
that the salt marshes contribute to the bay ecosys- 
tem probably cannot be large. 

The estimates of primary productivity from 
mudflat microalgae and macroalgae are prelimi- 
nary and will require further investigation 
(Pequegnat and Butler 1982). Two algae species, 
members of genera Enteromorpha and Ulva, are 
obvious and abundant on the flats during the late 
spring through the early fall of each year. The first 
winter storms, with high winds from the north- 
west, usually result in the removal of these algae 
from the surface of the flats to other parts of the 
bay or out of the bay. The benthic microflora are 
essentially unknown but certainly are important 
in estimating the annual net primary productivity 
of the bay. Some species of polychaetes browse on 
benthic diatoms (Fauchald and Jumars 1979), and 
crustaceans feed on both microalgae and macroal- 
gae (Morris et al. 1980). 

Algae growing on the mudflats are more readily 
assimilated than marsh plants; thus, this compart- 
ment of bay productivity probably contributes 
much more to bay consumers than salt marsh vege- 
tation (Table 4.1). Additionally, macrophytic algae 
readily leak DOM, with those compounds poten- 
tially also contributing to the nutrition of bay inver- 
tebrates. Plants are only seasonally available to 
consumers and their usage is therefore signifi- 
cantly limited. It would be unlikely that any con- 
sumer in the bay could specialize on the mudflat 
macroalgae as a food source, since productivity 
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from late fall through early spring is almost nil. As 
with plant production from the salt marshes, a 
significant fraction of the mudflat algal production 
must pass through microbial decomposers, result- 
ing in reduced energy transfer to bay consumers. 

Eelgrass beds (mostly Zostera marina) are a 
third major compartment of primary production 
in Humboldt Bay (Table 4.1). Harding and Butler 
(1979) attempted to estimate the productivity of 
eelgrass in the bay by measuring oxygen evolu- 
tion, a technique that is greatly hindered by en- 
trapment of evolved O2 in the tissues of the plant. 
Bixler (1982) used a direct method of leaf marking 
and measurement to improve the estimate of eel- 
grass primary productivity in the bay; the rela- 
tively conservative estimate of annual net pri- 
mary productivity obtained is the one used in 
Table 4.1. In estimating the production of eelgrass 
beds in the bay, possible contributions from other 
plants have been ignored. This probably results in 
a serious underestimate of production from the 
eelgrass beds, since the contribution of other epi- 
phytes and microphytic and macrophytic algae 
can match or exceed the production of the eelgrass 
itself (Phillips 1984). 

The production of eelgrass in North Bay was 
reduced significantly following the beginning of 
commercially successful oyster culture there in the 
mid-1950's (Waddell 1964). Scattered eelgrass 
beds (405 ha; Shapiro and Associates, Inc. 1980) 
remain in North Bay, however, and contribute sig- 
nificantly to the primary productivity of the bay. 
The greatest extent (769 ha) of eelgrass is in South 
Bay, where it grows more densely and luxuriantly 
than in North Bay. A small amount of eelgrass 
grows in scattered locations along the shipping 
channels in Entrance Bay. South Bay, Entrance 
Bay, and North Bay are qualitatively different in 
eelgrass growth. The dense beds of South Bay are 
some of the most important locations of eelgrass 
growth in the Pacific Northwest (Phillips 1984), 
while the more scattered growth of eelgrass in 
Entrance and North Bays suggests that it is less 
significant in the energy budgets of those portions 
of the bay. There are marked seasonal differences 
in the production dynamics of eelgrass, with sum- 
mer growth rates approximately twice as great as 
growth rates in winter, apparently because of in- 
creased insolation (Bixler 1982). 

The major consumers of living Zostera blades 
are several species of aquatic birds, including black 
brant, American widgeon, scaup, Canada goose 
(Branta canadensis), and northern pintail (Phil- 

lips 1984). Invertebrate herbivores apparently find 
that the toughness of the blades renders them 
unpalatable or impossible to digest. In contrast to 
tropical seagrasses, living Zostera blades are not 
known to be consumed by invertebrates (Phillips 
1984). Thus, most of the production of eelgrass at 
Humboldt Bay must enter a pathway to microbial 
decomposers during much of the year. Black brant 
populations have declined markedly in recent 
years and are only seasonally present during mi- 
grations to feed on eelgrass, with the result that 
even less eelgrass is probably now being consumed 
directly by herbivores than was true in past years. 
Following the onset of winter storms, massive 
quantities of eelgrass blades are thrown up on high 
intertidal flats or can be seen floating out of the 
bay on ebb tides. Bixler (1982) observed significant 
declines in standing stocks of eelgrass beginning 
in early winter and reaching a low point in late 
winter and early spring, apparently caused by 
storm waves breaking off blades. 

Phytoplankton production in the bay is also 
highly seasonal, with a low point during the winter 
and a buildup to a high in early summer (Pequeg- 
nat and Butler 1982). Productivity (as measured 
by chlorophyll concentration) in North Bay and 
South Bay waters is generally equivalent to and 
sometimes lower than the productivity of near- 
shore oceanic waters (Fig. 2.14). The relationship 
of phytoplankton production to nutrient availabil- 
ity has been noted earlier, emphasizing the contri- 
bution of upwelled nutrients (chiefly nitrogen) to 
the bay during late spring and early summer. It 
seems likely that much of the phytoplankton is 
consumed directly by Zooplankton or benthic filter 
feeders in the bay. What proportion goes to each of 
these major consumer groups is unknown. 

The productivity estimate for phytoplankton in 
Table 4.1 is conservative because it was assumed 
that production occurs only in the shallow and 
deep channels of the bay (estimated at 2,206 ha by 
Shapiro and Associates, Inc. 1980). The actual 
areal coverage of water varies from this low figure 
to the maximum covered at high tide. 

In summary, although eelgrass beds and mud- 
flat algae appear to be the largest sources of plant 
production in the bay, the importance of these 
sources directly to consumers is probably less than 
for phytoplankton. Plant biomass produced in salt 
marshes must enter a cycle of microbial decompo- 
sition before becoming available to the bay food 
chain. Mudflat algae, Zostera blades, and salt 
marsh plants produce material that is too tough to 
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be directly consumed by invertebrate herbivores of 
the bay. Although birds, notably black brant, can 
directly consume eelgrass, they are only seasonally 
present in the bay. Much of the plant production 
occurring in the bay must therefore enter an en- 
ergy pathway involving microbial decomposition 
and animals feeding on detritus. The abundant 
populations of deposit feeders in the bay support 
this conclusion. 

Primary Consumers 

Primary consumers, or herbivores, are gener- 
ally defined as those animals that feed directly on 
living plant material (Crawley 1983). That defini- 
tion is too restrictive to allow an understanding of 
the various energy flow pathways in Humboldt 
Bay. As defined in our treatment, primary consum- 
ers include deposit and detritus feeders along with 
the strict herbivores. These animals may not feed 
on the resistant plant material at all, but instead 
digest the surface bacterial micro-flora (Adams and 
Angelovich 1970). No convenient way to separate 
these microbial consumers from the strict herbi- 
vores and other detritivores is available, and since 
the energy they consume comes ultimately from 
plant primary production, their inclusion with her- 
bivores can be justified. 

Two major groups of benthic infaunal animals 
are present in the sediments of the bay: filter 
feeders that draw their trophic resources from the 
overlying water, consuming mostly phytoplankton; 
and detritus feeders that have varying ability to 
select food particles from the surface sediments. 
Epifaunal animals are found at the sediment sur- 
face-water interface, selectively feeding on both 
plant and animal material. Many of these epifauna 
are small amphipod crustaceans. There can be 
overlap between these major feeding groups, as in 
the terebellid polychaetes, where feeding tentacles 
are spread widely on the surface, but most of the 
animal remains within a tube in the sediments. 
Another example of the same kind involves the bay 
bivalve Macoma nasuta, which extends its siphon 
above the surface and sucks in material from the 
sediment surface. 

Among the filter feeders, the bivalves are the 
dominant group in sediments of the bay. Two major 
ecological categories of bivalves can be recognized, 
the deep burrowers (Saxidomus and Tresus) and 
the shallow burrowers {Macoma, Protothaca, Cli- 
nocardium, and several smaller species). These 

two groups may form functional feeding guilds, 
with competition between dominant species for 
trophic and spatial resources (Fauchald and Ju- 
mars 1979; Onuf 1987). 

There are four species of large, deep-burrowing 
bivalves: Tresus nuttallii, T. capax (much more 
abundant in the bay than T. nuttallii), Saxidomus 
giganteus, and & nuttalli (more abundant than & 
giganteus). The species in the genus Tresus are 
known as "gaper clams," while those in the genus 
Saxidomus are known as "Washington clams." The 
bay once supported a small commercial fishery for 
Washington clams (Morris et al. 1980). There con- 
tinues to be an active sport fishery involving the 
four species. Tresus spp. and Saxidomus spp. are 
often found together in the bay, with possibly some 
differences in the depth where they are positioned 
in the substrate (Morris et al. 1980). Peterson 
(1977) felt that S. nuttalli and T. nuttallii might 
compete for spatial resources in sediments at 
Mugu Lagoon, although that could not be demon- 
strated statistically. All four species occur in sand 
to muddy sand sediments in Humboldt Bay, par- 
ticularly throughout much of South Bay and as far 
north as Indian Island (Sasaki 1967; Wendell et al. 
1976). It is possible that mud and silt sediments 
are resistant to the burrowing (or reburrowing) 
activities of these large species, thus resulting in 
distributions restricted to predominantly sand 
sediments (Wendell et al. 1976; Peterson and 
Andre 1980). There is no doubt that these animals 
are important phytoplankton consumers. 

Although the most important factor influencing 
competition for resources among these four species 
may be space in the sediments (Peterson and 
Andre 1980), trophic resources are also significant. 
The animals grow only when phytoplankton are 
abundant in bay waters, or from late spring to 
early fall (Wendell et al. 1976). The seasonal de- 
cline in phytoplankton standing stocks (Fig. 2.14) 
apparently results in the animals entering a physi- 
ological maintenance phase from late fall to early 
spring, during which trophic resources are not 
sufficiently abundant to sustain growth. 

Another major association of filter-feeding con- 
sumers of bay phytoplankton are the more shal- 
low-burrowing bivalves Clinocardium nuttallii, 
Protothaca staminea, Macoma spp., and other 
relatively small bivalves (Lyonsia califomica, My- 
sella tumida, Transennella tantilld). In several 
respects, this group of bivalves forms a second 
layer of filter feeders, ecologically distinct from the 
deeper bivalves (Fig. 4.1). Unfortunately, rela- 
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Water 

Sediment 

20 — 

Depth 
(cm) 

40 — 

60 — 

Clinocardium   nuttallii 0-3 cm 

Macoma spp.   4-10 cm   Protothaca staminea 1-5 cm 

Saxidomus  nuttalli 16-30  cm 

Saxidomus giganteus 12-30  cm 

Tresus capax 25-50 cm 

Tresus   nuttallii 25-60 cm 

Fig. 4.1. Depth distribution of common bivalves (size not to scale) in sand and mud sediments of Humboldt Bay 
(M. J. Boyd, Humboldt State University; field data). 

tively little quantitative information exists on the 
importance of these animal« in the overall energy 
cycling of the bay. There may be a partitioning of 
trophic resources between the species of Prototh- 
aca and Clinocardium, with P. staminea consum- 
ing more benthic diatoms than phytoplankton 
(Peterson 1982). 

Commercial oyster beds cover 324-365 ha of 
North Bay (Shapiro and Associates, Inc. 1980) and 
constitute a large fraction of the phytoplankton 
consumers. The estimated several million oysters 
in North Bay are capable of relatively efficient filter 
feeding and retention of food particles. Fequegnat 
and Butler (1982) estimated that it might be possi- 
ble for oysters in North Bay to filter as much as 50% 
of the high-tide water volume, although they felt 
this figure was probably high. The pattern of sea- 
sonal growth of the oysters is similar to that seen 
in Tresus (Melvin 1980), suggesting that the sea- 
sonal availability of phytoplankton has an impor- 
tant influence on oyster growth. 

A second major group is shallow burrowers that 
consume detritus on the surface and fresh plant 
material when it is available. Amphipods, crusta- 
ceans, and polychaetes feed on plant detritus of 
varying age and nutritional value. The large 
amount of resistant plant material (macroalgae, 
eelgrass, salt marsh plants) produced in the bay 
but not used directly by consumers suggests a 
diverse and abundant group of deposit-feeding 
consumers could be supported. In organically rich 
marine sediments, this assemblage is typically 

dominated by polychaetes (Whitlatch 1980). The 
increase in mud present in sediments of the flats 
along the wide intertidal margins of North and 
South bays apparently results in a decrease in the 
abundance of burrowing bivalves; thus the de- 
posit-feeding assemblage may increase and 
ecologically dominate these habitats (Carrin 
1973; authors', personal observations). 

A deposit-feeding assemblage dominated by 
polychaetes has been in evidence for some time 
along the sides and bottoms of the channels in the 
central portion of the bay (Boyd et al. 1975; Bott and 
Diebel 1982). Without doubt, this area of the bay 
experiences some disturbance because of periodic 
maintenance dredging. Many of the same species 
that were abundant in 1974 had recolonized the 
dredged channels in 1980, suggesting that slump- 
ing of material from the channel margins and larval 
recolonization were both important mechanisms in 
maintaining this assemblage of polychaetes (Boyd 
et al. 1975; Bott and Diebel 1982). 

The most abundant polychaete in the assem- 
blage is a filter-feeding herbivore (Table 4.2). This 
is to be expected in an environment where tidal 
currents are strong and constant. Following the 
herbivorous species in abundance are deposit feed- 
ers, either on the surface of or in the sediments. 
Carnivorous species are much less abundant, as 
would be predicted by general ecological theory 
(Ranka 1988). 

The abundance of deposit-feeding worms 
throughout a significant portion of Humboldt Bay 
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Table 4.2. Approximate abundance and feeding guild (Fauchald andJumars 1979) of widely distributed 
polychaetes in the central portion of Humboldt Bay, 1980 (data from Bott and Diebel 1982). 

Species 
Abundance 

(numbei/m) Feeding guild 

Owenia collaris 8,569 
Mediomastus califomiensis 789 
Ly8Üla labiata 409 
Tharyx monilaria 386 
Spiophones bombyx 232 
Glycinde polygnatha 179 
Platynereis biconaliculata 169 
Tharyx multifilis 157 
Sphaerosyllis califomiensis 135 
Polydora socialis 124 
Haploscoloplos elongatus 123 
Eumidia bifoliata 87 
Exogone sp. 56 
Phloe tuberculata 36 
Amaena occidentalis 31 
Nephtys caecoides 21 
Ophelia assimilis 21 

Filter-feeding, discretely motile, tentaculate 
Surface deposit-feeding, motile, nonjawed 
Surface deposit-feeding, discretely motile, tentaculate 
Surface deposit-feeding, motile, tentaculate 
Surface deposit-feeding, discretely motile, tentaculate 
Carnivore, discretely motile, jawed 
Surface deposit-feeding, discretely motile, jawed 
Surface deposit-feeding, motile, tentaculate 
Carnivore, motile, jawed 
Surface deposit-feeding, discretely motile, tentaculate 
Burrowing, motile, nonjawed 
Carnivore, motile, jawed 
Carnivore, motile, jawed 
Carnivore, motile, jawed 
Surface deposit-feeding, sessile, tentaculate 
Carnivore, motile, jawed 
Burrowing, motile, nonjawed 

emphasizes the importance of detritivores in this 
system. It would be difficult to characterize more 
definitely the nature of the food material that is 
consumed. Obviously, most of the material is of 
plant origin, although it may be heavily colonized 
by bacteria (Tenore 1977). There may also be a 
small percentage of animal detritus, which must 
be much less abundant and only sporadically avail- 
able. Several of the surface-feeding polychaetes, 
however, will take animal material if it becomes 
available (Fauchald and Jumars 1979). Within the 
bay, detritivores must consume much of the vast 
quantity of plant material that is seasonally pro- 
duced on the mudflats and in salt marshes. This 
plant material, initially resistant to direct con- 
sumption, is eventually converted to animal and 
microbial biomass primarily as a result of con- 
sumption (perhaps several times) by the deposit- 
feeders of the benthos. 

Meiofaunal animals (those that will pass through 
a 0.50-mm screen) may also be important consumers 
of detrital material in bay sediments (Tenore 1977). 
Although these organisms can account for a sub- 
stantial portion of benthic community respiration 
(Fenchel 1978), nothing is known of their impor- 
tance in the energy relationships of the bay. Find- 
ings in other temperate estuaries suggest that the 
meiofauna could account for perhaps 10-20% of 
benthic community respiration (Tenore 1977). 

The third major group of primary consumers in 
Humboldt Bay includes some epifaunal species. 
Wherever hard surfaces occur in intertidal or sub- 
tidal habitats of the bay, a diverse assemblage of 
both sessile and motile invertebrates becomes es- 
tablished (Prince 1972). These surfaces are often 
associated with docks, bulkheads, or other struc- 
tures of human origin. A small amount of primary 
production from macroalgae (Fucus distichus, 
Ulva lactuca, Enteromorpha intestinalis) occurs on 
these surfaces, but is insignificant in magnitude 
compared to production on intertidal flats. Simi- 
larly, primary consumers (mainly feeding on phy- 
toplankton) are abundant on heavily colonized 
(fouled) surfaces, but would account for only a 
minor amount of the overall energy flow in the bay. 
The numerically dominant primary consumers in 
these assemblages are acorn barnacles (Balanus 
spp.), sabellid and serpulid polychaetes, numerous 
bryozoan species, several species of sponges, and 
colonial tunicates (especially Botrylhides sp.). 

Brant migrants feed mainly on eelgrass and 
occasionally on other plants, including pickleweed 
(Salicornia) and algae, during fall and spring stop- 
overs at Humboldt Bay (Henry 1980). These are 
periods of generally low plant primary productiv- 
ity, and it is unknown whether the feeding activi- 
ties of the brant have any significant impact on 
populations of the plants. The strictly seasonal 
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feeding activities and relatively short residence 
time of the brant suggest that feeding activities 
have minimal impact on plant populations. 

Despite the many primary consumers in the bay, 
actual measurements of growth, respiration, re- 
productive cycles, or other physiological correlates 
of energy consumption have been few. Data sug- 
gest that the bay supports an abundant and tro- 
phically complex assemblage of consumers. Sea- 
sonal patterns of primary productivity are 
important in influencing the growth and reproduc- 
tion of many bay consumers. Both direct consump- 
tion (mainly of phytoplankton) and indirect con- 
sumption (by detritivores) of plant material are 
highly significant in an energy flow model of the 
bay. An unknown amount of the plant material 
produced in the bay is exported from it, with some 
probable correlation to the onset of late fall storms 
with high winds. Material transported into near- 
shore waters is of unknown importance in sustain- 
ing populations of both planktonic and benthic 
consumers there. 

Predators 

Many predatory species in Humboldt Bay feed 
on the abundant primary consumers. The major 
categories of secondary consumers recognized here 
are invertebrates (e.g., starfish, many crab species, 
predatory snails, and smaller predators), fish, and 
birds. Within each of these major groups of preda- 
tors, it is often difficult to state unequivocally the 
actual prey species consumed. Larger predators in 
temperate and boreal marine habitats are often gen- 
eralißts in their diets, with prey size greatly influenc- 
ing selection because of the energy constraints in- 
volved in capture (Schoener 1971). In several 
respects, the feeding activities of predaceous birds 
and fish are complementary in exploitation of the 
trophic resources of the bay. In tidal cycles, feeding 
fish move onto the flats during rising tides as birds 
retreat to higher areas adjacent to the bay for rest 
and digestion. Conversely, the birds actively probe 
bay sediments as the tide falls, and at low tide 
scatter widely over the mudflats while feeding. 

The relative magnitude of benthic secondary 
production consumed by predators in the bay is 
unknown. Other than making the statement that 
feeding by birds (easily observed), invertebrates, 
and fish (not easily observed) is a constant occur- 
rence over the bay flats, little quantitative infor- 
mation exists on the flow of energy to major preda- 

tors. A recent review of energy flow patterns in 
temperate zone estuaries (Baird et al. 1986) sup- 
ports the following generalities: birds consume 
about 20% of the annual secondary production 
from shallow estuaries and embayments, fish con- 
sume 20%, and invertebrates 12%. These esti- 
mates vary, however, from one area to another. In 
European and South African estuaries, 6-44% of 
the energy in secondary consumer production went 
to shorebirds. While it is disturbing to note this 
degree of variation, the outlying values are be- 
lieved to be somewhat atypical (Baird et al. 1985). 
Available data suggested that 50-60% of the total 
secondary production passes to predators in shal- 
low water marine systems, a much higher ecologi- 
cal efficiency than is typical of terrestrial or oce- 
anic systems (Whittaker 1975). 

There are a number of potentially important 
predaceous invertebrates in the bay. Dungeness 
crab juveniles may be seasonally abundant and are 
known to feed on crustaceans, bivalves, polychae- 
tes, and fish (Wendell et al. 1976; Gotshall 1977). 
Probably the most significant large predaceous 
asteroid is Pisaster/brevispinus, although P 
ochraceous is also abundant in Entrance Bay. Pis- 
aster ochraceous is essentially confined to feeding 
on prey items attached to solid substrates (Morris 
et al. 1980). Pisastej/brevispinus is capable of tak- 
ing bivalves from sediments (Mauzey et al. 1968), 
and probably preys on both large and small bi- 
valves in sand and mud. Predatory snails are fre- 
quent in benthic samples (Boyd et al. 1975; Bott 
and Diebel 1982) and are important predators of 
both small and larger macroinvertebrates (Wen- 
dell et al. 1976). Numerous species of predatory 
polychaetes occur in the bay (Appendix B), but 
their significance in terms of energy flow is un- 
known. Their chief prey items are most likely other 
polychaetes and a variety of small crustaceans 
(Fauchald and Jumars 1979). 

Speckled sanddabs and juvenile English sole 
are two significant predators on benthic infauna 
and epifauna of the bay. Shiner perch appear to 
feed opportunistically on epifaunal organisms, 
with the majority of prey items taken from the 
nekton. Speckled sanddabs take prey primarily 
from the sediment-water interface; they then prey 
on organisms burrowed into the sediments. Juve- 
nile English sole concentrate their feeding activi- 
ties primarily on animals buried in the sediments 
and then on those on the sediment surface. Collins 
(1978) was able to compare prey selection to prey 
availability on and in sediments of the central 
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% no. in benthic samples % no. in stomachs 
Smelt, Pacific herring, and northern anchovy 

are seasonally quite abundant in Humboldt Bay. 
These fish, during their residence in Humboldt 
Bay, are primarily phytophagous and should be 
assigned to a low trophic level. In turn, they pro- 
vide a forage base for larger predaceous fish 
(salmon, rockfishes, sharks), some birds (pelicans, 
cormorants), and harbor seals. Predaceous birds 
and fish are attracted to Pacific herring spawn 
deposits and contribute significantly to egg loss. 
In Tomales Bay, diving birds greatly reduce the 
density of eelgrass in herring spawning beds, 

Transennella tantilla 

Glycinde polygnatha 

Lysilla sp. 

Haploscloplos elongatus 

Phoronopsis viridis 

Nemerteans 

Owenia collaris 
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preference 

Electivity index 

Fig. 4.2. The relative abundance of the 10 most 
numerous prey taxa found in 64 benthic grab samples; 
the relative abundance of the 10 most numerous prey 
taxa found in the stomachs of 99 speckled sanddab; 
and Ivlev's index of electivity (from Collins 1978). 

portion of the bay (Figs. 4.2 and 4.3) and deter- 
mined relationships between prey availability and 
selection by speckled sanddabs and English sole. 
It appears that these two species ecologically par- 
tition the benthic food resources available to them. 
As the juvenile English sole grow during the first 
year, changes in gut and external morphology ac- 
company a gradual switch from feeding on cope- 
pods to feeding on burrowing polychaetes. Toole 
(1980) hypothesized that this change in prey pref- 
erence with growth (Fig. 4.4) was a result of the 
increasing energy demands placed on the fish by a 
switch in predation strategy from "sit and wait" to 
active pursuit (Schoener 1971). 

Oysters and shallow-burrowing bivalves in 
sandy substrates are preyed on by the bat ray 
(Myliobatis californica). The importance of preda- 
tion by bat rays in Humboldt Bay has not been 
quantitatively assessed. 
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Electivity index 

Fig. 4.3. The relative abundance of the 10 most 
numerous prey taxa found in 54 benthic grab samples; 
the relative abundance of the 10 most numerous prey 
taxa found in the stomachs of 142 English sole; and 
Ivlev's index of electivity (from Collins 1978). 
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cropping the grass to obtain the deposited eggs 
(Spratt 1981). No information is available on en- 
ergy or biomass transfer for these species. Hay 
and Fulton (1983) estimated that the carbon con- 
tribution of herring milt and eggs to the ecosystem 
is high relative to primary production. This mate- 
rial is a source of energy for secondary producers, 
particularly microzooplankton, which in turn 
serve as food for larval herring, anchovy, and 
smelt. 

The feeding activities of shorebirds are highly 
seasonal, coinciding with the annual migrations 
of millions of birds (Springer 1982). Despite the 
obvious predatory activities of shorebirds, their 
influence on benthic populations remains contro- 
versial. Quammen (1984) studied the influence of 
predaceous fishes, invertebrates, and birds on 
benthic organisms in two southern California es- 
tuaries and concluded that benthic populations 
are influenced most by shorebird predation, fol- 
lowed by crabs (Pachygrapsus crassipes); fishes 
had the least impact on benthic populations. The 
long-term impact of all predators on benthic com- 
munity structure and populations of individual 
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Fig. 4.4. Index of Relative Importance for copepods and 
polychaetes in stomachs of English sole captured 
intertidally, June 1976 through May 1977 (Toole 
1980). 
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Fig. 4.5. Generalized food web for Humboldt Bay; size of linkage arrows illustrates relative biomass transfer 
(modified from Simenstad 1983). 
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species was less significant than physical factors 
(sediment composition). Baird et al. (1985) hy- 
pothesized that the effects of predaceous birds and 
fishes are complementary, with migratory birds 
arriving in European estuaries just as predatory 
invertebrates are leaving the shallow waters to 
spend the winter in deeper adjacent waters. Pre- 
daceous fish species (English sole and speckled 
sanddabs) as well as predaceous invertebrates 
leave Humboldt Bay to forage in nearshore waters 
just as major numbers of migratory shorebirds are 
arriving in late fall and winter. 

Adult harbor seals are opportunistic feeders on 
fish and larger crustaceans, consuming about 5 kg 

(6,000 Kcal) of prey items per day (Scheffer 1958). 
Significant prey items in Humboldt Bay are ancho- 
vies, herring, small crabs, and occasionally octopus 
or bottom fishes. 

The fauna and flora of Humboldt Bay are inte- 
grally linked through trophic and other ecological 
relations. However, no quantitative data on the 
carbon or energy flow through the food web are 
available. Figure 4.5 is an adaptation of a gener- 
alized food web for estuarine channels of the Pa- 
cific Northwest coast (Simenstad 1983); with the 
addition of an eelgrass component, this food web 
is a probable representation of the general trophic 
relations in Humboldt Bay. 



62   BIOLOGICAL REPORT 1 

Chapter 5. Comparison with Other 
Estuaries 

Humboldt Bay ranks fifth in size for west coast 
estuaries from Grays Harbor on the central coast of 
Washington to San Diego Bay at the southern tip of 
California; in California it is second only to San 
Francisco Bay (Table 5.1; Fig. 5.1). Estuarine areas 
in Oregon are size-limited: all of Oregon's estuaries 
combined would fit into Willapa Bay, Washington 
(Lauman et al. 1972). Humboldt Bay is somewhat 
unusual because it has relatively low freshwater 
inflow for its size. Because of this and a shallow 
average depth, it is a tidally driven, well mixed 
estuary, as indicated by its flow ratio of 0.013 (Ta- 
ble 5.1). According to Schultz and Simmons (1957), 
a flow ratio >1.0 indicates a highly stratified estu- 
ary, around 0.25 indicates a partially mixed estu- 
ary, and about <0.1 indicates a well mixed estuary. 
Although the dynamic mixing in tidal channels 
reduces temperature and salinity extremes, tidal 
marshes with little freshwater input are subjected 
to higher temperatures and salinities. Such condi- 
tions exist in Willapa Bay, Humboldt Bay, and all 
southern California estuaries. In estuaries with 
larger drainage areas, such as the Columbia River, 
Winchester Bay (Umpqua River), and San Fran- 
cisco Bay, there is a greater dilution of the seawater 
and more variability in channel salinities and tem- 
peratures. Estuaries north of Humboldt Bay have 
more precipitation annually, and estuaries to the 
south experience lower rainfall (Table 5.1). 

The characteristics of nearshore ocean water 
influence estuary dynamics because of the semi- 
diurnal tidal exchange that brings ocean water 
into the bays. Point Conception, approximately 
210 km north of Los Angeles, is recognized as a 
transition area for marine biota, many of whose 
northern or southern boundaries coincide with 
this landmark. The California current parallels 
the Oregon and California coast, but flows off- 
shore at Point Conception, creating a countercur- 
rent that brings warm southern waters to south- 
ern California estuaries. During summer months, 

strong northwest winds along Oregon and north- 
ern California cause the surface water of the Cali- 
fornia current to move westward; near shore, the 
water is replaced from below by upwelling of nu- 
trient-enriched colder water that flows into adja- 
cent estuaries. Further north, upwelling is 
masked on the surface by the Columbia River 
plume, which produces its own river-induced up- 
welling by pushing surface water seaward, thus 

oo miles 
so I0OI5O kilometers 

Fig. 5.1. Location of west coast estuaries and bays of 
Washington, Oregon, and California in relation to 
Humboldt Bay. 
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allowing nutrients to come close to the surface. In 
the winter, the Columbia River plume flows north- 
ward and greatly affects the estuarine waters of 
Grays Harbor and Willapa Bay. 

A comparison of ecological characteristics of 
Pacific coast estuaries is difficult because compre- 
hensive studies are lacking on many of the estuar- 
ies and because of the variability in sampling de- 
sign and methods among studies that have been 
done. Hie phytoplankton productivity of Humboldt 
Bay tidal channels is low- compared to most Atlantic 
and Gulf of Mexico coastal estuaries, but compares 
well with the productivity of San Francisco Bay 
waters (Table 5.2). Although the net productivity of 
Humboldt Bay phytoplankton is not high, the large 
area occupied by phytoplankton in deep channels, 
tidal channels, and shallow bays makes phyto- 
plankton an important contributor to Humboldt 
Bay food webs. 

Humboldt Bay salt marshes are floristically dis- 
tinct from other Pacific coast marshes, yet contain 
many species common to both northern and south- 
ern marshes (Eicher 1987). Spartina densiflora, the 
dominant salt marsh plant around Humboldt Bay, 
has not been reported anywhere else in North 
America except for a small patch in San Francisco 
Bay, where it was introduced from Humboldt Bay 
in 1976 (Spicher and Josselyn 1985). North of Hum- 
boldt Bay, salt marshes on the Pacific coast do not 
have Spartina (Eilers 1975), except for the intro- 
duction of exotic species in spots. Most of the other 
species found in Humboldt Bay are also found in 
San Francisco Bay, with four notable exceptions: 
the two rare Humboldt Bay endemics, Humboldt 
Bay owl's clover (Orthocarpus castillejoides var. 
humboldtiensis) and Humboldt Bay gumplant 
(Grindelia stricto ssp. blakei); a species of Carex 
that has previously been listed as Carex lyngbyei; 
and Parapholis strigosa, an Old World introduction. 

Carex lyngbyei dominates Oregon salt marshes. 
A form that was previously identified as C. lyng- 
byei is also common in Humboldt Bay; however, 
its taxonomic determination is currently in ques- 
tion. The plant does not fit the characteristics 
given in the literature for C. lyngbyei; its leaves 
are not flat, but channeled, similar to C. obnupta. 
While this taxon is being studied, the old name 
continues to be used. Another form, Parapholis 
strigosa, appears to have been mistaken by some 
authors as a species of Puccinellia, to which it is 
similar in overall appearance. 

In addition to the presence of unique species, 
Humboldt Bay is distinct because of the absence 
of some species common to central California 
marshes (notably San Francisco Bay), including 
Frankenia grandifolia, Suaeda californica, Puc- 
cinellia sp., and Salicornia europaea. Limonium 
californicum, however, reaches its northern ex- 
tension in Humboldt Bay. 

The number of fish species recorded as present 
in other estuaries is small when compared to 
Humboldt Bay, probably due in part to the limited 
amount of sampling (Table 5.3). Major groups of 
fishes using Pacific coast estuaries from the cen- 
tral coast of Washington to southern California 
are quite similar (Table 5.3). Surfperches, gobies, 
and flatfishes are common. The shiner perch, 
which ranges from Port Wrangell, Alaska, to San 
Quintin Bay, Baja California (Odenweller 1975), 
usually ranks among the most numerous of fishes 
taken by seine or trawl except for estuaries in the 
extreme southern portion of California. The Eng- 
lish sole, a commercially important species using 
estuaries as nursery areas, ranks high in numbers 
as far south as Elkhorn Slough. Commercial flat- 
fish most often cited as using estuarine channels 
as nursery grounds in southern California (Zedler 
1982) are the California halibut (Paralichthys 

Table 5.2. Comparison of phytoplankton net primary productivity of selected estuaries; Humboldt Bay 
data from Harding (1973), data for all other locations from Nixon (1983). 

Estuary 
Productivity 

(g/m/yr) Rating 

Humboldt Bay 
San Francisco Bay 

SuiaunBay 
San Pablo Bay 
South Bay 

Chesapeake Bay 
Apalachicola Bay 

300-450 

210 
220-290 

330 
990 
800 

Low 

Low 
Low 
Low 

Medium 
Medium 
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Table 5.4 Comparison of larval fish assemblages of Pacific coast estuaries. 

Distance" 
(km) 

Number of 
families 

Dominant fish 
Estuary Groups % of total 

Columbia River 635 18 Eulachon, longfin smelt 90 

YaquinaBay0 450 17 Pacific herring, bay goby 90 

Humboldt Bayd 0 17 Bay goby, Pacific herring 82 

San Francisco Bay6 370 20 Pacific herring, goby spp. 91 
Elkhom Slough* 500 16 Northern anchovy, goby spp. 65 

Tijuana Estuary8 1,140 — Goby spp., silverside spp. 96 

"Air kilometers north or south of Humboldt Bay. 
bLaroche 1976. 
"Pearcy and Myers 1974. 
dEldridge and Bryan 1972. 
«Eldridge 1977. 
'Nybakken et al. 1977. 
"Zedler 1982. 

californicus) and the diamond turbot (Hypsopsetta 
guttulatd). 

Larval and juvenile northern anchovy and Pa- 
cific herring are common in Pacific coast estuaries 
during the summer except in extreme southern 
California (Table 5.4). Osmerids (smelts) are com- 
mon, mostly as larvae or juveniles, in estuaries 
along the coast of Washington, Oregon, and Califor- 
nia, but are replaced primarily by atherinids (top- 
smelt, grunion) in estuaries south of Point Concep- 
tion. Reproducing populations of striped bass occur 
in San Francisco Bay and in Coos Bay and Winches- 
ter Bay, the only three such populations on the west 
coast; Humboldt Bay lacks a river with high enough 
volume and sustained velocity for successful 
spawning of this anadromous species. In a larval 
fish survey of Humboldt Bay, Eldridge and Bryan 
(1972) reported that larvae of the bay goby and 
Pacific herring composed 82% of the total larvae 
collected. In similar studies, Paarcy and Myers 
(1974) found that Pacific herring and the bay goby 
ranked first and second, respectively, and made up 
90% of all larvae sampled from Yaquina Bay, Ore- 
gon. Eldridge (1977) reported that Pacific herring 
and species of gobies comprised 91% of larvae taken 
from San Francisco Bay (Table 5.4). 

Humboldt Bay is an important ecological unit 
in the Pacific Flyway for migratory waterfowl. It 
is the largest bay and supports the greatest number 
of wetland wildlife species and the largest popula- 
tions of those species along the Pacific coast between 
San Francisco Bay and the Columbia River 
(Springer 1982), a distance of 1,005 km. Table 5.5, 
which compares numbers of brant and ducks 
counted in early January from 1985 to 1987, helps 
to substantiate the importance of Humboldt Bay. 
Table 5.5 also demonstrates the importance of San 
Francisco Bay to the south and Willapa Bay and 
Grays Harbor north of the Columbia River to 
waterfowl. 

Although brant numbers and brant-use days 
have declined markedly for Humboldt Bay, the 
bay remains an important resting area for the 
birds as they travel northward in the spring. 
Brant-use days were estimated to be 240,000 in 
1984-85; 315,000 in 1985-86; and 270,000 in 
1986-87 (Nelson, Humboldt Bay National Wild- 
life Refuge, personal communication). Brant use 
is greater in Willapa Bay, averaging about 490,000 
for the same year (Willapa National Wildlife Ref- 
uge, unpublished data), but is much less in Oregon 
estuaries. 
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Chapter 6. Management 
Considerations 

Bay Management and Protection 
Humboldt Bay is a valuable resource to its sur- 

rounding communities and much of its value re- 
lates to its biological resources. The Northcoast 
Region Comprehensive Basin Han, adopted by the 
State Water Resources Control Board in 1975, iden- 
tified 13 beneficial uses for Humboldt Bay, 10 of 
which are directly related to biological resources: 
shellfish harvest, ocean commercial and sport fish- 
ing, marine habitat, wildlife habitat, fish spawning, 
fish migration, nonwater-contact recreation, (bird 
watching, boating, marine life study, hunting), 
water-contact recreation (fishing, clamming, swim- 
ming, surfing), preservation of rare and endan- 
gered species, cold freshwater habitat, navigation, 
agricultural supply, and industrial service supply. 

There are a number of federal, state, county, 
municipal, and special agencies whose functions 
include making management decisions regarding 
uses of Humboldt Bay resources. These agency 
roles were reviewed in some detail by Shapiro and 
Associates, Inc. (1980). 

Projects or activities that might affect habitat or 
alter bay resources generally require permits. The 
permitting process usually involves the U.S. Army 
Corps of Engineers, the California Coastal Com- 
mission, Humboldt Bay Harbor, Recreation and 
Conservation District; and Humboldt County, or 
the cities of Eureka or Arcata. It may also involve 
the Regional Water Control Board, the U.S. Envi- 
ronmental Protection Agency, the California De- 
partment of Fish and Game, and the North Coast 
Unified Air Quality Management District. Other 
agencies such as the U.S. Fish and Wildlife Service 
and the National Marine Fisheries Service may 
also be involved as referral agencies for required 
environmental review. 

The U.S. Army Corps of Engineers (Corps), pur- 
suant to Section 404 of the Federal Water Pollution 
Control Act, has permit jurisdiction for diking, 

dredging, filling, shoreline structure building, and 
other activities in and adjacent to the navigable 
waters in the United States. The Corps determines 
whether granting a permit would be in the public 
interest. Under the Fish and Wildlife Coordination 
Act of 1934, any federal agency proposing to modify 
or control any body of water must first consult with 
the U.S. Fish and Wildlife Service (Service). The 
Service evaluates the possible effects of the activi- 
ties on fish and wildlife resources. This required 
consultation is typically carried out through the 
Corps permit process. Both the Corps and Service 
have guidelines that limit the impacts that various 
uses have on wetlands. Where alteration or conver- 
sion of wetland habitat is allowed, replacement 
habitat is typically required. 

The California Coastal Commission is usually 
the lead state agency to review development per- 
mits in and around Humboldt Bay. In administer- 
ing the California Coastal Act, the State Coastal 
Commission has retained permit authority on 
most of the lands immediately adjacent to Hum- 
boldt Bay. The policies of the California Coastal Act 
were used to prepare Local Coastal Programs 
(LCPs) for each of the local jurisdictions around 
Humboldt Bay (Humboldt County, Eureka, and 
Arcata). The LCPs provide the standards and 
guidelines by which decisions are made by both the 
local jurisdictions and the State Coastal Commis- 
sion. In exercising permit jurisdiction, both local 
governments and the State Coastal Commission 
use the California Department of Fish and Game 
as a referral agency on matters affecting fish and 
wildlife resources of the state. 

The Humboldt Bay Harbor, Recreation and Con- 
servation District, established in April 1973, is 
empowered by state statutes to develop Humboldt 
Bay to its ultimate potential as a harbor and a port 
while conserving the natural resources of the area. 
The Harbor District has adopted Ordinance Num- 
ber 7, the Humboldt Bay Master Plan, which des- 
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ignates land and water areas and uses of the bay 
as follows: conservation water, development water, 
public open-space land, agricultural land, service- 
commercial land, port-related industrial land, 
water-related industrial land, nonwater-related 
industrial land. The designations are defined and 
their locations given in Shapiro and Associates, 
Inc. (1980). The Humboldt Bay Harbor District 
currently owns and operates a 237-slip marina 
that was constructed in 1981, owns 17 ha of develo- 
pable land, and holds 32 ha of land in reserve for 
mitigation or conservation. The Harbor District 
has actively supported the deepening of skip chan- 
nels in Humboldt Bay to a depth of 12.2 m for new 
maritime business, the improvement and modern- 
ization of commercial fishing facilities, and the 
improvement or expansion of waterfront facilities. 

The Humboldt Bay Wetlands Review and Bay- 
lands Analysis carried out for the U.S. Army Corps 
of Engineers by Shapiro and Associates, Inc. (1980), 
summarized its findings by providing advisory 
categories for the lands and waters of the Humboldt 
Bay environs based on their resource values: 

• Areas of importance. Those areas unique or 
so important to the functioning of the Hum- 
boldt Bay ecosystems and its aquatic resources 
that potential destruction or alteration should 
be discouraged unless found to be in the best 
public interest. Areas of importance are espe- 
cially critical areas which should generally be 
maintained in their present state. 

• Areas of environmental concern. Those areas 
that are environmentally sensitive, in which 
any use or activity should be carefully con- 
trolled. Areas of environmental concern may 
have multiple uses consistent with mainte- 
nance of their habitat values. 

• General areas. Those areas in which new 
development would cause minimal impacts 
on wetlands and other valuable habitat types. 
Such areas might include already altered or 
damaged areas or expansions of existing de- 
velopment modes. 

In addition to providing federal consultation on 
permit applications, the U.S. Fish and Wildlife 
Service also manages the Humboldt Bay National 
Wildlife Refuge, which is authorized to encompass 
approximately 3,162 ha. To date, only 843 ha of the 
approved refuge area has been acquired. The com- 
pleted refuge would encompass most of South Bay 
and portions of North Bay. The refuge will protect 
key wildlife habitat associated with migratory 
birds, fish nursery grounds, shellfish, and marine 

life. A principal objective of refuge managers is to 
restore wintering brant populations on the bay. 
About 226 ha of diked pasture may ultimately be 
returned to salt marsh or fresh ponds. 

Permit jurisdictions, policies, and guidelines of 
the various local, state and federal agencies can 
serve to protect critical natural resource habitat in 
Humboldt Bay. These policies should provide ade- 
quate protection for the open-water areas of South 
Bay, North Bay, and the areas around various bay 
islands. Other areas of Humboldt Bay with less 
restrictive designations are more subject to altera- 
tion. As pointed out in the Humboldt County Indus- 
trial Siting Study (Humboldt County 1981), it is 
important for various agencies involved in review- 
ing permit activities and formulating permit condi- 
tions in the study area to agree on which ecosystem 
characteristics are important to maintain—a diffi- 
cult task because agencies have different policies 
and responsibilities. Hofweber (1982) stated that 
although a variety of management goals exist for 
individual projects, there is no overall management 
plan regarding Humboldt Bay wetland resources. 
Woodruff (1982) pointed out that proposed projects 
are currently handled on a case-by-case basis with 
neither long-term goals nor objectives for planning 
wetlands mitigation. Compensation is the replace- 
ment or creation of habitat types lost due to devel- 
opment activities. The Humboldt County Indus- 
trial Siting Study (Humboldt County 1981) 
suggested the formation of a compensation area 
land bank, consisting of developmental agencies 
and industries interested in purchasing compensa- 
tion land; each member would be assessed accord- 
ing to its compensation needs. A large compensa- 
tion site would allow for coordination of habitat 
evaluation and environmental impact assessment 
and offer the possibility of developing an area with 
greater diversity and greater habitat value than 
several smaller, isolated sites. 

Socioeconomic Factors 

The most significant obstacle to economic devel- 
opment of the Humboldt Bay region is its remote 
location. The economic base of Humboldt County is 
primarily dependent upon natural resources; re- 
lated industries are timber and wood products, 
fisheries, agriculture (primarily dairy products), 
and tourism. From 1965 to 1975, the lumber and 
wood products manufacturing sector supplied the 
highest private insured employment. However, 
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these industries have been slowly declining in ac- in 1977, down from 2,600 in the early 1960*8 (QRC 
tual total employment. The major industrial facili- Corporation 1978), a decrease Dean et al. (1973) 
ties of the forest industry, particularly those in the forecasted because of advances in agricultural 
Humboldt Bay area, however, are expected to con- technology. Agricultural land-use study of the 
tinue at their present level of operation, with some Humboldt Bay area (California Department of 
modernization of equipment, but without significant Water Resources 1978) showed that of 7,392 ha in 
additional land-use demand« (Table 6.1). It is antki- agricultural use, 6,967 ha (94%) was in pasture, 
pated that some smaller facilities may close down, Of the natural resource-dependent industries 
making additional land available for industrial use important in Humboldt County, fishing appears to 
(Humboldt County 1981). be one with significant expansion potential (Hum- 

Agriculture has historically been one of the boldt County 1981). Since 1981, the Humboldt 
major economic resources of Humboldt County. Bay Harbor Recreation and Conservation District 
Related employment was estimated at 1,900 jobs has completed construction of the Woodley Is- 

Table 6.1. Projected employment and growth rates by industry, Humboldt and Del Norte Counties, 
1976,1980, and 1985 (Humboldt County 1981). 

Number of Compound annual 
employed individuals average 

76-80 

growth rate 

Industry 1976 1980 1985 80-85 

Agriculture, forestry, fisheries 3,200 3,800 4,000 4.4 1.0 
Construction and mining 2,200 2,500 2,900 3.3 3.0 
Manufacturing 10,800 10,800 10,200 0 -1.1 

Lumber and wood products 8,700 8,500 7,700 -0.6 -2.0 
Food and kindred products 900 1,000 1,100 2.7 1.9 
Other manufacturing 1,200 1,300 1,400 2.0 1.5 

Transportation, communications 3,100 3,200 3,300 0.8 0.6 
and utilities 
Transportation 1,800 1,800 1,800 0 0 
Communications and utilities 1,300 1,400 1,500 1.9 1.4 

Trade 9,800 11,200 12,800 3.4 2.7 
Wholesale trade 1,300 1,500 1,600 3.6 1.3 
Retail trade 8,500 9,700 11,200 3.4 2.9 

General merchandise, apparel 1,400 1,500 1,600 1.7 1.3 
Food and dairy stores 1,300 1,400 1,600 1.9 2.7 
Auto dealers, gas stations 1,300 1,400 1,500 1.9 1.4 
Eating and drinking places 2,600 3,200 3,900 5.3 4.0 
All other retail trade 1,900 2,200 2,600 3.7 3.4 

Finance, insurance, and real estate 1,400 1,600 1,900 3.4 3.5 
Finance 700 800 1,000 3.4 4.6 
Insurance 300 300 400 0 5.9 
Real estate 400 500 500 5.7 0 

Services 16,700 18,800 21,900 3.0 3.1 
Hotels and lodging places 1,400 1,700 2,100 5.0 4.3 
Medical, other health 3,700 4,100 5,000 2.6 4.1 
Education 5,600 6,300 7,200 3.0 2.7 
All other services 6,000 6,700 7,600 2.8 2.6 

Public administration 2,400 2,700 3,000 3.0 2.1 
Federal public administration 400 500 500 5.7 0 
State public administration 300 300 300 0 0 
Local public administration 1,700 1,900 2,200 2.8 3.0 

Total, all industries 49,500 54,500 59,900 2.4 1.9 
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Fig. 6-1 • Marine lift in South Humboldt Bay launching a commercial oyster dredge. 

land Marina, which has significantly expanded 
boat-berthing facilities on the bay. In addition, 
a boat building and repair yard with a 150-ton 
marine lift has been built in South Bay (Fig. 
6.1). The Pacific Coast Fisheries Information 
Network (PACFIN) listed 38 trawling vessels 
and 267 trolling vessels that made the majority 

of their income from fish landings in Humboldt 
County in 1983. With the exception of the Pacific 
oyster, all of the major fish species harvested in 
the commercial fishery are taken outside Hum- 
boldt Bay. The primary fish groups are ground- 
fishes (flatfishes and rockfishes), albacore, Dun- 
geness crab, and salmon (Table 6.2). The 

Table 6.2. Commercial fishery landings and ex-vessel value in Humboldt Bay (Eureka-Fields Landing), 
1981-85 (California Department of Fish and Game, unpublished data). 

T landings per year (1.000 kg) 
1981-85 
average 

(1,000 kg) 

Average 
value/year 

Species 1981 1982 1983 1984 1985 ($1,000) 

Flatfishes 5,376 4,678 3,746 4,036 4,962 4,560 2,487 
Rockfishes 5,213 4,592 3,017 2,655 3,248 3,745 1,782 
Dungeness crab 1,324 498 355 656 772 721 1,440 
Albacore 1,662 82 172 278 1,130 665 1,005 
Salmon 422 389 116 52 21a 200 991 
Other 3,027 4,660 2,005 2,005 2,655 2,909 1,736 

Total 17,024 14,899 9,411 9,682 12,788 12,800 9,441 
a No commercial salmon season in Eureka-Trinidad zone in 1985. 
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Fig. 6.2. Commercial troll-caught salmon are bought by several Humboldt Bay seafood processors. 

average annual value offish landed in Humboldt 
Bay from 1981 to 1985 was almost $9.5 million. 
Salmon is the most valuable finfish on a per- 
pound basis; in 1985 the average price per pound 
paid to commercial fishermen was $2.44 for chi- 
nook salmon and $1.54 for coho salmon (Univer- 
sity of California Cooperative Extension Sea 
Grant Advisory Program, Eureka, California, un- 
published data; Fig. 6.2). However, salmon land- 
ings have declined markedly since the late 
1970's, and only in 1986 and 1987 were there 
indications of increase in salmon stocks (Table 
6.3). The largest commercial fishery inside 
Humboldt Bay is oyster farming. In 1985, over 
907,000 kg (live weight) of oysters were har- 
vested, representing a value of approximately 
$864,000 (University of California Cooperative 
Extension, unpublished data). 

Although the fishery industry is an important 
business, it is not a large employer; annual insured 
employment in the fisheries and agriculture sector 
was about 10% of the annual insured employment 
in the lumber manufacturing sector in 1975. Ex- 
pansion of the fishing industry is faced with formi- 

Table 6.3. Eureka-Trinidad troll-caught chinook and 
coho salmon landings. (Pacific Fishery Management 
Council 1987; J. Lesh, California Department of Fish 
and Game, personal communication). 

Landings (thousands) 

Year Chinook Coho 

1971-75 Average 142.1 133.9 
1976 165.4 204.8 
1977 161.2 19.3 
1978 155.2 140.3 
1979 218.4 66.0 
1980 131.3 19.8 
1981 99.7 35.9 
1982 96.0 28.6 
1983 35.2 26.6 
1984 14.0 3.7 
1985a 3.7 0.3 
1986b 47.4 5.2 
1987b 70.5 12.0 

a No commercial salmon season in Eureka-Trinidad zone in 
1985 
Unpublished preliminary data, California Department of 
Fish and Game. 



THE ECOLOGY OF HUMBOLDT BAY, CALIFORNIA    73 

dable constraints; marketing and seasonal fluctua- 
tions are major problems, and negative economic 
impacts have been associated with fishery closures 
imposed by Pacific Fisheries Management Coun- 
cil. A basic problem in expanding shellfish culture 
in the bay is pollution from human sewage and 
nonpoint sources. Presently, if more than 1.27 cm 
of rain falls within 24 h, the bay is closed to 
harvesting for the next 5 days. During wet winters, 
significant long periods of closure can occur; for 
example, in 1981 Coast Oyster Company lost 82 
working days. These closures result in an unreli- 
able supply to the wholesaler. 

The importance of tourism and recreation to 
the Humboldt County economy is difficult to esti- 
mate because secondary indicators must be used. 
Dean et al. (1973) forecasted significant growth 
for tourism-related sectors of the economy for the 
period 1975-85. The Redwood Economic Develop- 
ment Commission (1987), using motel revenue 
figures, estimated a 13% average annual growth 
rate for Eureka in 1980-85. The same reports 
stated that during the summer months of 1985, 
approximately 12,000 campers were turned away 
at Prairie Creek State Park, a few kilometers 
north of Eureka, because all campgrounds were 
full. The Eureka-Humboldt County Convention 
and Visitors Bureau 1986-87 annual report esti- 
mated the dollar impact from motorcoach tours in 
1987 to be $1,080,000. 

Humboldt Bay and its natural resources are 
important in attracting people to the area. Water- 
related recreational activities include sport fishing, 
waterfowl hunting, clam digging, crabbing, sailing, 
small-craft boating, surfing, skin diving, bird- 
watching, and beachcombing. Van Kirk and Ahern 
(1984) surveyed nonresident anglers visiting Hum- 
boldt and Del Norte Counties in 1982. The mean 
length of stay by all visiting anglers was 42 days 
with an average expenditure of $31/day. Most of 
these anglers fished for salmon. In a survey from 
1957 to 1960, Miller and Gotshall (1965) deter- 
mined that an average of 27,144 angler-days was 
expended annually in Humboldt Bay. The Pacific 
Fishery Management Council (1987) estimated 
33,700 days were expended in recreational fishing 
for salmon by anglers fishing out of Eureka from 
May to September 1985. In 1986 a new public boat 
ramp was completed in Eureka Channel directly 
opposite the Woodley Island Marina to improve 
boating access to the bay. A1985 planning advisory 
committee report to the Humboldt Bay Harbor 
Recreation and Conservation District recom- 

mended the development of fishing piers and fish- 
ing "parks" and the promotion of sport-fishing 
opportunities for Humboldt Bay. 

Shipping facilities in Humboldt Bay primarily 
serve the forest products and petroleum industries. 
Commodity flows in and out of the bay are princi- 
pally the export of forest products and the import 
of petroleum products for local consumption and 
chemicals for wood pulp processing by the two pulp 
mills located on the Samoa Spit (Figs. 6.3 and 6.4). 
The number of vessels calling on Humboldt Bay 
average about 350 per year (Shapiro and Associates, 
Inc. 1980). Deep-draft navigation uses and related 
industrial areas occupy about 182 ha of land, about 
1.3% of the total land in the Humboldt Bay area, and 
about 10% of the bay's shoreline parcels. Ray (1982) 
stated that significant increase in deep-draft navi- 
gation is unlikely in the near future. 

One area of potential new coastal-dependent in- 
dustrial development on Humboldt Bay is support 
faculties for Outer Continental Shelf (OCS) oil and 
gas development. Through the exploratory drilling 
phase, the only facility required would be a tempo- 
rary service base to serve as a materials storage and 
transfer site to the offshore drilling location. If 
commercial quantities of oil or gas were found, 
onshore facilities that could be required are a per- 
manent service base, pipelines from OCS facility to 
shore, gas processing facilities, and an oil export 
terminal. Such faculties would boost the local econ- 
omy, but at the same time would require dredging 
and pier or dock construction at selected sites in 
Humboldt Bay (Humboldt County 1981). 

Environmental Concerns 

A report by the California Department of 
Health Service (1988) gave the status of Humboldt 
Bay water quality since the completion of waste- 
water treatment projects in Eureka and Arcata 
(1982-87). Improvements made by these projects 
virtually eliminated a chronic wet-weather prob- 
lem associated with the discharge of raw or par- 
tially treated sewage. Commercial shellfish-grow- 
ing areas with a conditionally approved 
classification, such as Humboldt Bay, are usually 
closed to harvesting during and after rain storms. 
These closures are necessary because bay water 
quality degrades following rainfall from surface 
runoff, surface turbulence, and overloading of 
wastewater collection facilities. Until 1987, the 
closure rule stated that whenever there was 
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Fig. 6.3. Export log storage area located adjacent to south Humboldt Bay. 

Fig. 8.4. One of two pulp mills located on the North Spit of Humboldt Bay. 
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1.27 cm of rainfall or more in any 24-h period, the 
bay would be closed to shellfish harvesting for 
5 days afterwards. With the completion of the 
wastewater treatment projects in 1987, the rule 
was modified; the 5day closure time was reduced 
to 2 days for 1.27-2.54 cm rainfall and 3 days for 
rainfall exceeding 2.54 cm in 24 h. 

The 1988 report stated that land surveys of the 
Humboldt Bay area revealed many locations where 
livestock wniT"n1" pastured along bay tributaries 
with little to prevent their wastes from being 
washed into the bay during rainy periods. Two 
areas of prime concern were the Elk River valley 
and the Arcata Bottoms between the city of Arcata 
and Mad River Slough. Changes in farm manage- 
ment practices may help to alleviate this problem. 
Included in the report were the results of a study 
on the impacts of seagull concentrations on water 
quality. During winter months, thousands of seagulls 
congregate on the bay mudflats at low tide to feed on 
herring eggs deposited on eelgrass. During high tide 
periods, the gulls move to the local solid waste landfill 
where they feed on various waste materials or to the 
Arcata wastewater treatment plant where they 
feed on raw sewage entering the plant at the pri- 
mary clarifiers. Data indicate that seagulls return- 
ing to the mudflats after these feeding excursions 
contribute significant levels of fecal coliform to bay 
waters. In 1988, Arcata screened the primary clari- 
fiers to prevent gull access. 

Tributylin (TBT), an effective antifouling agent 
used in marine paints, is also highly toxic to most 
aquatic life. Stallard et al. (1987) monitored TBT 
in California coastal waters and noted that where 
TBT concentrations are above 100 parts per tril- 
lion (pptr), there are usually absences of fauna, 
especially mussels and macrophytes. In general, 
California coastal waters contain less than 20 pptr 
TBT. Except for a sample taken from a shipyard in 
South Bay, all 1986 Humboldt Bay water samples 
were well below 20 pptr TBT. The shipyard has 
installed a particulate separator through which all 
water used to clean boats passes. This has helped 
to alleviate the TBT problem and oysters are now 
being grown commercially at the shipyard boat 
dock. Since 1987, most boats less than 24.4 m 
cannot use TBT as an antifouling agent. 

At the Woodley Island Marina in Humboldt 
Bay, storage tanks are located below each dock 
into which tenants are allowed to pump oil and 
water from boat bilges. These tanks are peri- 
odically emptied and the oil and water separated; 
the water is directed to Eureka's sewer system, 

and the oil is sent to the local recycling center. In 
addition, trash cans are provided on all docks near 
the water so that plastic and other wastes are less 
likely to end up in the bay (Jack Alderson, Hum- 
boldt Bay Harbor Recreation and Conservation 
District, personal communication). 

Other possible pollutants in Humboldt Bay are 
pesticides from agriculture runoff and synthetic 
organic chemicals from industrial discharge. Pen- 
tachlorophenols (PCPs) and possibly dioxin, an 
unintentional contaminant associated with PCFs, 
can enter the bay during storm events from lum- 
beryards that use FCPs as a fungicide. Dioxin also 
occurs in the wastewater of the two pulpmills on 
the North Spit. Even though this wastewater is 
discharged on the ocean side of the North Spit, 
aerial photographs of the effluent plume indicate 
that the plume is sometimes carried by currents 
and the incoming tide into Humboldt Bay (Frank 
Palmer, Regional Water Quality Control Board, 
personal communication). 

Selenium (Se) concentrations in water and in 
the tissues of scoters were compared for Humboldt 
Bay and Suisun and San Pablo bays (part of the 
San Francisco Bay-Delta complex; White et al. 
1989). Surf scoters from Humboldt Bay average 
0.60 parts per million (ppm) Se in muscle and 2.5 
ppm in liver. These levels were significantly lower 
than those from Suisun and San Pablo bays, which, 
in early winter, averaged 5-6 times higher than 
Humboldt Bay in muscle and 10-11 times higher 
in liver. By late winter, Suisun and San Pablo 
samples were 10-14 times higher than Humboldt 
Bay samples in muscle and 14-22 times higher in 
liver samples. Water collected from Humboldt Bay 
in January 1988 contained 0.05 parts per billion 
(ppb) and 0.06 ppb dissolved total Se on low and 
high tide, respectively. All water samples from 
Suisun Bay and 14 of 16 samples from San Pablo 
Bay contained Se concentrations higher than in 
Humboldt Bay. Maximum concentrations were 3-4 
times higher than in Humboldt Bay. Dissolved Se 
concentrations of 0.05-0.06 ppb indicated that 
there is no Se enrichment of Humboldt Bay waters 
from anthropogenic sources. 

Despite past human activities that have altered 
the pristine character of Humboldt Bay, the bay is 
still cleaner and healthier than any enclosed bay in 
California (Pequegnat and Butler 1982). Current 
environmental laws and requirements regarding 
proposed bay projects provide opportunities to 
make the most effective use of bay resources while 
preserving the biological integrity of the bay. 
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Chapter 7. Research and 
Management Information Needs 

Despite the efforts of academic, agency, and 
other researchers, information on biological com- 
munities and their structure in Humboldt Bay is 
rudimentary. Available evidence suggests that the 
distribution of many plants and animals is linked 
to the occurrence and distribution of various sedi- 
ments. The sources of sediment, the general physi- 
cal profile, and distribution of sediments in the bay 
are known in broad terms. To provide detailed 
information on the relations of the physical and 
chemical characteristics of bay sediments with the 
various plants and animals that live on and in 
them, a sediment study should be made of three 
compartments of the bay; sediment pH, oxidation- 
reduction potential (Eh), organic content, biologi- 
cal oxygen demand (BOD), presence of potentially 
toxic metals or compounds, and factors, including 
human, which influence the sedimentary environ- 
ment should be determined. 

Although several years of sampling have re- 
sulted in a reasonably accurate list of macroscopic 
plants and animals for Humboldt Bay, there is still 
little understanding of how these biological enti- 
ties interact. Common patterns of competition and 
predation are known from general ecological prin- 
ciples and studies in other temperate marine em- 
bayments. Important estimates of primary and 
secondary productivity are mostly dependent on 
extrapolations of data from marine estuaries of the 
Atlantic coast and even the coast of Europe. De- 
tailed investigations should be focused oh precisely 
how numerically abundant species interact. Such 
investigations will require field and laboratory 
approaches and should use technical advances 
such as remote monitoring devices to document 
interactions. 

The ecological energetics of the bay can be 
sketched only in general terms. A significant part 
of the primary productivity of the bay appears to 
pass through important microproducers (bacteria, 
algae, diatoms) and microconsumers (bacteria, 

protozoans, meiofaunal organisms) before it be- 
comes available to other consumers. It would be 
useful to document the fate of primary plant pro- 
ductivity and the relationship of macroscopic plant 
productivity to microbial processes. Such informa- 
tion would improve our understanding of the popu- 
lation dynamics of deposit-feeding animals found 
in benthic sediments, which are fed upon by many 
secondary consumers. 

The navigational channels of the bay are peri- 
odically dredged. There are proposals to deepen 
these channels an additional 1.5 m for use by 
larger, deeper-draft commercial shipping. Deepen- 
ing the Entrance Channel will allow more wave 
energy to reach Entrance Bay, which will likely 
cause additional erosion problems in the King 
Salmon area. Deepening the channels will change 
the low tide holding capacity of the bay, which will 
influence circulation patterns and flushing charac- 
teristics. Velocity of the tide wave moving up and 
down the channels will change significantly. All 
these changes will have an impact on the chemis- 
try and biology of the bay. An understanding of 
circulation and flushing, the nutrient budget, and 
bay productivity is necessary to assess changes 
caused by deepening the channels. 

Humboldt Bay has extensive mudflats, 
marshes, and adjacent diked agricultural fields. In 
the next few decades, sea level will continue to rise, 
and although the predicted rise is small (5-50 cm), 
it, too, will cause changes in circulation and flush- 
ing patterns, accelerate erosion of marsh lands, 
dikes and sand spits, and cause flooding in some 
areas. These problems should be addressed now to 
protect bay resources for the future. Bay develop- 
ment, restoration, and mitigation projects should 
take into account future changes in sea level and 
attendant problems. 

As the Humboldt Bay National Wildlife Refuge 
expands through acquisition of land adjacent to 
the bay, opportunities for the addition of fresh- 



THE ECOLOGY OP HUMBOLDT BAY, CALIFORNIA    77 

water, brackish water, and saltwater marshes will 
be available. Each kind of marsh provides optimal 
conditions for some species of flora and fauna but 
is limiting to others. Refuge managers need infor- 
mation on marsh productivity, species interac- 
tions, and marsh design and construction to best 
use land management opportunities. 

Humboldt Bay is experiencing a steady in- 
crease in use for various types of recreation as well 
as for certain types of commercial enterprise. In- 
creased use may be causing negative changes in 
the abundance and distribution of some plants 
and animals. One activity may cause only a slight 
change, but combined, the negative impacts of 
many uses can be cumulative and perhaps multi- 
plicative. For example, what effect does increased 
boating (fishing, hunting, sailing, clamming, 
sightseeing, commercial) have on the distribution, 
abundance, and use patterns of waterfowl, par- 
ticularly brant? How do increases in commercial 
oyster-growing operations affect eelgrass abun- 
dance and distribution and organisms associated 
with the eelgrass community? From a manage- 
ment perspective, the California Department of 
Fish and Game would like additional abundance, 
distribution, and life history information on com- 

mercially important fish species, particularly 
sharks, surfperches and Pacific herring popula- 
tions (J. Spratt, R. Warner, and A. Petrovitch, 
California Department of Fish and Game, per- 
sonal communications). 

As use of Humboldt Bay and the surrounding 
area increases, incidences of pollution will prob- 
ably also increase. The California Department of 
Fish and Game (Klein and Gulling, Eureka, Cali- 
fornia, unpublished data) cataloged 177 outfalls as 
possible pollution sources into Humboldt Bay. That 
survey should be updated and samples from sus- 
pected sources should be collected and analyzed 
periodically. The contamination of bay water, bot- 
tom sediments, and organisms is a major concern, 
and studies to test contaminant effects on the 
system and its function should be carried out. 

Decisions concerning the bay are now being 
made without the information previously dis- 
cussed. Many actions taken may be irreversible, 
and some may have long-term adverse impacts on 
fish, birds, mammals, and other biota of the bay. 
Addressing these information needs in the near 
future is important to the preservation and en- 
hancement of bay resources and to the region's 
economy as well. 
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NOTE: The mention of trade names does not constitute endorsement or recommendation for use by the Federal Government. 



TAKE PRIDE 
in America 

U.S. DEPARTMENT OF THE INTERIOR 
FISH AND WILDLIFE SERVICE 

As the Nation's principal conservation agency, the Department of the Interior has 
responsibility for most of our nationally owned public lands and natural resources. 
This includes fostering the wisest use of our land and water resources, protecting 
our fish and wildlife, and providing for the enjoyment of life through outdoor 
recreation. The Department assesses our energy and mineral resources and works 
to assure that their development is in the best interests of all our people. The 
Department also has a major responsibility for American Indian reservation 
communities and for people who live in island territories under U. S. administration. 


