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Preface 

 mi^ estuarine profile ia one of a wries of profiles that synthesize e m n t  m l o g ~ d  a d  other 
pedinent infomation on rrelwbd estuaries of the United States. 'l%e data in this profile on H ~ b l d t  
b y  pwvide a mientifie mfere~xx 0x1 the bay's natural resources md will aid in the management and 
prcttmtion of t f~e estuury. EEfuml>oIdt Bay is one of the most vduablu coastal resources on the west coast 
af the Uxlitocf. $taka. 
'Ills profile pmvidee cunrorlt and llistoricd infomation on the geographic setting of H ~ ~ h l d t  Bay; 

dt-crikwa pEo@eicfal, elimahlogical, hydrological, and physicwhe~cal aspeta of the bay environment; 
rlcecri\~*e the biotic cotnmu~~ities rmd their mlatiomhipa; compares and contrasts other west coast 
etrtr~ariea b I iumholdt Bay; provides mlinaenlent considaratiom in tern of procedme, socioeconomic 
iiiciorh~, EIIX~ envimnmentRI mncam; and identifies m ~ m h  and management information gaps 
~tnyx>Irtan&. to pmpr mmxawment and prokctian of the bay. 

l ' lrcl  i~tfomntstiun in this p 6 l n  should also be u~cful Lo @ducat-, studen&, and interested laypersons. 
'Ihr style mid fumlipt am? deaiprad Ou rrxnkc the profile uwful to tomlany different interests. 
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Humboldt Bay satwuy. WiEamis, lookins saat from the R d 3 ~  Ocean (fmm in&ared color photograph). 
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Abetract. Humboldt Bay is one of California's largest coastal estuaries, second only 
to San Francisco Bay in size. The bay is important emlogically, senring as habitat for 
many invertebrates, fishes, birds, and m a d s .  The bay attracts m y  reereatiod 
usew and because it is an important shipping port also attracts industry, p d d a r l y  
that related to forest products. This report summasizes and synthesizes scientific data 
on the ecological. relationships and fundiom d the estuary, including information on 
geological, climatological, hydrologic and physical-chemical aspects of tbe bay 
environment; describes the biotic communities and their relatiomhips; compares and 
contrasts other west coast estuaries to H u b o l d t  Bay; provides management 
considerations in t e r n  of pmcedures, socioeconomic factors and e n k ~ l ~ n e n M  
co-; and identifies research and management information gaps. BrLioner of the bay 

a national wildlife refuge. 
degradation ofthe 

and nonpoint source pollution. 

Key war& Estuaries, wetlands, emlorn gwlogg: hyhIogy, nektsn,betnthw, plants, 
invertebrates, vertebrates, 
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Chapter 1. Introduction: The 
Ecology of Humboldt Bay 

Wmbldt  Bay is one of California's largest 
wsstal estuariw and iB the only harbor of commer- 
cial imp- for major shipping between San 
fiancieco 372 km south, and Goos Bay, Ore- 
gon, 336 km north. The bay, located at latitude 
-4Ci'N and longitude 124°14'W, combta of three 
m: South ]&ax a wide, shdow wuthern ann; 
Enwet3 Bay, a relatively n m w P  deeper central 
area; and Bay9 the Iar&eet arm 4x1 the north? 
dm wide d o w  1.1). H u b l d t  Bay is 
Z . 5  km. long m d  7.2 lan wide at its widest point; 
its m a  is 62.4 b2 at mean high tide 
28.Q km2 at nneaa low tide 
PPuctor st al. (1980). 

h t h  South and h t a  
mud flab k b r l d  with 
fhm half of the a d a c o  

at low tide. Am& Bay hw a total of six 
. lrndiaa (Gmther), W d e y ,  and Daby is- 

Lour& ars in ths aoutbvwt corner, just north of the 
wparatlon bejtwmn E w b  aand Arcah channels; 
Bid, Sand, arrd Little Smd islan& a m  all 1acatxx.l 
jwt no& of the mpmtion between Mad River 

Wharf pihgp (Skwsick 
deep c*~nnec%ing cham- 

a h t b e t w o n a a j o r m  
m d  alas ba& ta the wean, pmvidiq daily ex- 
& d -water, The c?ntsaracc to the bay is 
m & u d  by m n m h  and m k  jetties, 2 krPm or 
mom long. 

If w b l d l  Bay is a "nomal* or "pitive" type of 
eprh;arargr a0cx)dng to the clmnssifimtion sysbnn of 
Emeq  and SLsvenrson (1957). Theee authors 
winhd. out, ~ Q W ~ V ~ X ;  that a farm ~ e b ~ h y  o p  
b the m a  w m  the dd&e ia a oomplex en-n- 
meat aod ie nat easily claeaif~ed. b f ; E P  41982) 

water 
whem 

bay wa* ww m m m b l y  &ukd by h h  water 
h t n  major winter 8torrne evenh, 

~ - b ~ l d t  ~3ay is separated froan the ocean by 
long sand spib. South Spit is narrow low 
dunes and sparse vegetation. extreme high 
tides and high was, the ocean may Pms Over 
s u t h  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 

mm-, much of the spit has been 
developed for indmhial and residential use. 

Humboldt Bay's 578 km2 drainage basin lies in 
the footbills of the Coast Range. The bay is imme- 
diately surrounded by lowlands, formerly marshy 
extewiom of the bay, which were diked and 
drained for agricultural use, primarily grazing, 
beginninC: in the 1 W s .  The lowlands are inter- 
&d by low footbills of the Coast Range, which 
extend nearly to the bay shore at several locations 
( M o r n  1973). No large rivers enter the bay; ma- 
jor sources of fresh water are Jaooby Creek and 
Freshwater Creek in hats Bay, Elk River in 
Entrance Bay, and Salmon Creek in South Bay. In 
September 1971 particbm of South Bay and Arcata 
Bay were set wide to form the Humbldt Bay 
National Wildlife Refuge, primarily to pl-eserve 
and e h -  migraLory birds and their habitats. 

Two cities, Eureka and Arcata, and five smaller 
c o m k t i e a  are located on or near the bay, result- 
inl3. in a total population of about 70,000 for the 
bay m a .  Much of the shoreline of EnLrme Bay 
is mupied by gort facilities for shippiog, commer- 
cial fasbg ,  m d  -8ociated wrvices. A number of 
other industrial sites are situated at various lWa- 
ti0- an ~ufplbddt Bay, The remaining 

used for agricdturd p u r p o ~ s  or remains unde- 

e r e ~ ~ l a t :  geological past, before 2 
e Mad River probably- emptied 

aY Wick 1m; Vick and Carver 

of a river vdey  b -d  
b ~ b m w k  m a  lev&. This valley over t h  filled 



salmon Creek 

FQ, L -11. Hmbo1dt at~ay, Cdifohea, and envlmrm (modified from Cssta 1982). 
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with nxxnt floodplain, tidd flat, and m m h  dews- 
its, Bay sedime11ts contain buried salt-marsh de- 
p s i &  that represent episodic rapid subaidenee of 
Icrw-lying m r n  due b large m a d t u d e  subduction 
zone adhquskes d the &per Iloloc~ne pe- 
r i d  msulting in iAe pmeeat eo&guration of Hum- 
b r d t  Bay @rick 1988; mck. ant% Carver 1988). 
Ttrs bay was dimvftred in 18@3, but no mttle- 

merit, b k  place mtil the 1Eb50'~, when Humbldt 
&y h a m e  a p i n  ar&ae;ion and supply for 
the gold mine8 of m d  Siskyou &untie& 

early bay c o m u i t i e ~  
gl~pwment d &e resident 

Wiyot Ill&= gpopdatio~ which W&B estimated to 
be a b u t  1,000 pernoras in 1850 (Gtahel1982). The 
luxnkr iaadmtry soon developed m d  shipping fa- 
cilities were built b expart w d  and wicdwal 

Fig. 1.2. Land-use patterm, I-Iumboldt 
Bay environa (from Ray 1982). 

produch. b n d a r y  harbors were developed in the 
bay by Finnish fishermen who settled in  the 
Fairhaven m a .  

Lanb-use changes in the bay itself resulted pri- 
m d y  firom the expa~rsion of shipping. h b  were 
built in E w k a  md Fields Landing and sailing 
vewls  even reached upper Areata Bay a t  a point 
near MeDEEniel Slough, where the city of h a t a  
maintained a do&. Ancillary shipping services, 
such as b a t  building and repair, were quite exten- 
sive in the bay from 1870 to 2 9 %  (GlatzelP982). Pn 

t f i o k d  the W.S. 
to dredge the navi 

in h n t  ofEupei&a to a depth of 3.3 m, and a channel 
a t  the Arcrata wharf to a depth of 2.6 m. Currently 
the Cops maintains the entrance channel a t  
12.2 m deep; No& Rav, Samoa, md Iower Eureka 



Fig. 1.3. Jettiee define the entrance to Humboldt Bay. 

channeh at  10.7 m deep; and upper Eureka and 
Fields Landing channels at  7.9 m deep by periodic 
dredging. Maintenarm 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 Weific Rail- 
road along the emtern margins of Humboldt Bay in 
1901. The railroad functioned as a dike in most 
locations, and tide gates were placed at almost all g4 
slough crossings. Many wetlande were converted to 
agricul- land, and masod wetlands were d Z 
for grazing. By 1927, with the mnsbuction of High- $ 3 
way 101 and the m i a t e d  f i ,  m 
~narerhes east of Hunnboldt Bay had been 
drained (Fig. 1.4; J3ay 1982). 

Development of W d e y  I s l d  first 
with the placement of 
marsh. Later, the bland was building andl I 

repairing ships and for log storage. Oomercial use 
of the &land wae abandoned between the 1958$ 
and 1979; some minor midentid use and goat 
gr etiUL waw. In 1971, the HuhzlbIdt Bay Years 
bridge wapr csmpleM with the 

spit. h$sd of the b o l d  F&. I&. Hutnbldt b y  kmd-w C-W, 1870-PW 
mud flab, S& m m h  and a s m d  h ~ h w a k r  ( m a d  fmm Shapb h ~ w i a b ,  b, PM3. 



Pig, I.&, C ~ m e r c i a l  crab b a t s  st dock in X-Iurnkldt Bay 

park$ uan W~xxiXey Eel&, h d  to W d c y  
Iwllrrrd d l a w d  fw Fjtmnixlg m d  mmphtion of the 
W d e y  lelmd Marina in l'W. Dria 53mjee% &d 
~ l ) p m ~ r w b l y  I ,@XI m of &omline, wirere inMidd 
mid strb6dnil mud flab wem dmdgcd aud djwat 
mde nrarwh rand Iligher p x m d  were fi11ed ta provide 
n c i x ~ ,  pwking, m c 3  facility comhtdiox~ sibs. 

%*'ill~ii~, EX~mbldt B M ~  el1~0mr)~RAed 43bQ~t 
10,YJI ha (Mo~rm 19731. & a m  of d i k i l ~ ,  drain- 
w, f i H i r g ,  turd ather develiopn~onb cmrtinuing to 
$ 3 1 ~  p w ~ k k ,  axe bay h~ fst,wn d u d  tr, abu t  
7)CW ha r a ~ e ~ r f  high tide (cdeulr~ted from Shapim 

iatea, Lxc. I%%?). Neve&~elesrs, Eflumbidt 
Uliy contiir~ue~ to be vital habiht for mmy f i h  and 
witctlXe omiee. "fo d ~ b ,  110 species 0affiehe.s have 
ka h m  the bay (Glatc?k 
Annuaia rum of chinwk salmon 
rfi&et&/k), cwho s&~on (Q. khar 
bow tsouC (0, nzykiss) st22 

wverd w m e m i d  r r p i  
(X)amphpa vetubq), Paxc 

gua palh i ) ,  lingcod (Ophialon elongatus), same 
surfperches Gmbiobidae), and some mckfihes 
(S~rpaenidae). l[he bay is also an important nure- 
wy ground for at least three epeciee of c o m e m i d y  
or m a t i o n d l y  valuable crabs (Figs. 1.5 and 1.6): 

new crab (Cancer rnagister), roek 
crab (6. anteanarb), and red crab (C. praductus)* 
At lemt 110 s p i m  of birds regularly frequent the 
vmiow wetland habitate that occur in the PIum- 
h l d t  ]Bay -a (Sprin~r 1982). Springer extrapo- 
lated data by Eioff (1979) Lo estimate the average 
m l u d  bird-day8 on agricultural lands in the entire 
Munboldt Bay area at 310,000 waterfowl, 
2,7BC),OQO shorebird, 650,000 other waterbird, 
36,080 raptor, 17,000 upland gmebird, and 
6,500,01K) 80wb~ s. 'The bay is b- 
gortant habitat for 
Brwn fomd in ernd 

i a h ,  k c .  1980). The bay alsa wntinuec?, 
ta be of mnsiderable in1portance for s&PPing of 
fore& prcPducts9 o o m e m i d  f i s h ,  m d  s e d d  
pmmirt.E: (Fig. 1.7). 



Fig. 1 .a hxeesing the dungeneas cxab for market. 



Chapter 2. Environmental Setting 

E l u h l d t  Bay is situahd approhately 50 km 
n0de-t of a caC,rda--hcfic-Nortt.1 American Lri- 
pla junction. Thie triple jumtion represents the 
I n t e r n i o n  of throa crustd platos: tbe Pacific 
plab to the eouth, the G r d a  plat@ to the north- 
wed, and the No& American plate to the east. 

nltcally active, with the Corda 
plate birsg auMu&d belxasth the No& Ameri- 
can plab. m e  relative motion between these 
plafWiP hm pdu-d  R numhr  of northwest-muth- 
earcrt w u d h x  faulb in the vicinity of Hmboldt 
b y .  Ruetr valleys cut through the various forma- 
tionw dm tsajxrd no~~~.wesl-soutl~cast, along the 
fwulL lint\,*. Xhh fornred fmm mtwine sediments 
have km~n plazxkd dawn by wave action and sub- 
m*quctntly uglifhd and foiQd ta fom masine h r -  
ram@. This u p l i f k ~  and folding, the differerxtial 
r~xot.ion nt  the vwioua fault line@, m d  emaion have 
arrmjd m wide rmW of rock formations in a corn- 
ylex pcrtttlnx arclrui-rb Wle I.IunzboIdt Ihy ama. 

main p l o g i e  fornations m e 
P ilur~nkwidt Bay wgion. The ofdmt iB th 

Jwmalc lo X A . Q  CmtAc%?otls in age 
~ x t t m  of $rksywwke, amhtone, 

d baedt, mxd some l i r x ~ ~ ~ h n e  ia 
ove~lnin by &c Y ~ X P  Fosm~~tio~x, conaiatk~ of in- 
~r;.r&ddd ehde, paywaekc, AIzd wng.10me&. 
The Wildcat Chup iA p u ~ r  Qto Cemwic in 
age) and w~tfaitsta p d o ~ % l i . w t l y  of weakly 
n~udsbsntsti, VVith m d y  wrrsoIidated silt- 

h d d d  anb lignite. The H w b n  
F~rnaf i rill Weistmne in -1 me! 
% made up of axkCmenM m d  &allow aEulne d e  
p i b  of vdarrble li&oIal~y, 
ebwacteriticafly yellow- 
@id of pa.brelrJ, s=&, ailis, and clays. 'fhe moat 

recent d e p i b  me river chamel and floodplain 
deposits, bmh and dune sands, tidal flat deposits, 
and landelide deb&. These d e p i b  are 5-7 m 
th ick  andl consist mainly of gravel, sand, and silt 
depoeited by the Mad and Eel rivers. 

Caps Mendocino, where the San Andreas fault 
bends abruptly and fbllows the seismically active 
Mendwino fracture zone, lies 50 km south of Huxn- 
boidt Bay It is one of the moat seismically active 
amas of California and has been the location of 
several earthquakes that c a d  damage to the, 
Humboldt Bay area this centusy. 

Major structural pat tern are chiefly controlled 
at Cape Mendocino. Regional north-south com- 
pression has resulted in a radial pattern of right- 
labral strike-slip faults trending in a weet-north- 
westerly clirection towards the Gorda Basin. The 
Mad River fault zone and the Russ Fault-Falm 
Cape ahear zone, both active, bound the Tertiary 
sedLmenta of the Eel River syncline. 

Bay 2Movhoba and Probable Formation 
As mentioned previously, Humboldt Bay con- 

sists of three subbaye, each situated at the sea- 
ward end of one or more stream valleys pig. 1.1). 
h a t a  Bay (North Bay), the largest subbay, has 
Jacoby Creek flowing into the northeast comer and 
Freshwater Creek flowing into the southeast cor- 
ner. Entrance Bay is found a t  the mouth of the Elk 
Ever valley; Salmon k k  flows into South Bay 
The subbays are linked by relatively narrow chan- 
n e l ~  eomtrieted between the valley interfluves on 
the east (Eureka m a  and Wunboldt Hill) and the 
barrier spit on the west. A very short channel 
conne~ts South Bay and Entrance Bay, while the 
~IativeIy f 0% (appmxirnahf y 9.7 b) and 
N a d  Bay C h a e l  connecdr, Entrance Bay and 
North. Bay. The north end of North Bay Channel 
fo rb  at Indian Island; t$e west fork is called 
~~~~ @ h ~ e ! l  arad t.Be east fork Eureka Channel. 



Fig, 211. Intertidal mudflak in Arcata Bay. 

Arcata Bay and South Bay are characterized by 
t h e  distinct morphologic subdivisions (Thomp- 
son 1971). The fmt subdivision, approximately 
1Wo of the h4HW area of Huanboldt Bay, is tidal 
channel, which is the deepest part of the Bay, 
situated a h m t  entirely below MLCN The chan- 
nele shoal in an up-bay direction from as deep a61 
9 m near the entrance to 2-3.5 m deep in the upper 
reaches of Arcah and South bays. There they form 
a complex tributary system and ultimately con- 
verge with the second morphologic subdivision, the 
intertidal mudflab, which occur m a more or less 
continuow apron around the flanlrs of Arcsta and 
South bays. Mudflats are a dominant feattmne dm- 
ing periods of low tide (Fig. 2.1). The m~dfPs.k 
make area of Arcata Bay, 8I0/i 
of the Bay, and 65-7C)O/a of the 
total area of the bay They extend slightly 

p to R,, a relief of a b u t  2 m. 
subdivided morphologcdly into 

idal levels or lower. The low flats 
&&d by nmmtp8 small tidal gullies and 
the relfiom of tltne moat l 6 1 p x s t  p ~ w t b  of -1- 

gram, Zostem marina. Both low flats and eelgrass 
are most common in South Bay The third mor- 
phologic subdivision is the salt marshes, which 
occw around the fringes of the tidal flats. Salt 
marshes cwrently cover appmxirnately 4% of the 
Wumboldt Bay area. 

Unlike the other two subbays, Entrance Bay 
does not have broad expansee of tidal flats (less 
than 100/o) and the surface area remaim approxi- 
mately constant over a tidal cycle. Thie is beearrse 
Entrance Bay consist of a single deep channel 
with generally steep sides @ntranm Chme1) 
that corn& Wwnboldt Bay with the wan. The 
channel L approximately 1,829 m long m d  671 m 
wide at the seaward end anmd ia flanked by twin 
jetties that extend 1,250 rn offshore. 

Humboldt Bay is apparently abar-built eehary, 
formed Ih-om three dietinct c r > ~ ~ t d  p l h  estuasie~ 
that have been linked by the mwth of the No& 
and South spits. The preeernt shape of H u h l d t  
Bay probably developed 
rapid rise of sea level, 

pseible scenario L rn 
thia perid, =sea level wm IP00-2W m 
prelpent level. The Elk 
k c  and Sdman e m b  lY aPfhlty flawed seaward of 



nt and -pied valleya located 
ih of the bay. From 
y e m  B.R, Ma jieve 

h e  wb.eun vaXleyl~ k a m e  flcboded, 
plain wtussiae, over land that ia no 
Sw@rae m d  h t a  &Mom). The e n t h  region 

fKPm the McKMeyvxlle Terrace in the 
north to Ttnble Bluff in the mu& h a m e  a single 
o p n  cowt;al smbapent .  Aa the rim in sea level 
alowdsd about 4,000-6,11KK) yeam &.Eft the stmama 
enbfiw the amm of the s n ~ b a p e n t  bgan  push- 
i q  tke shomjke seaward by f m t  depit;lng wb- 
mine and than deltaic mdiment near their mouths. 
The Mad Ever, which may onm have flowed into 
the embamsnt, L now mparated from Hmboldt 
WHY by Lh8 ngodplain called h a t a  BotCx,m. Bar- 
rier idan& erl*P4xldir~g a m e  this C O A B ~ ~  embay- 
ment were formed by wave activity mnoentratsd 
along the shore rroawd of ibs pmmnt p i t ion .  
With the subaM3quc3nt rim in sea level, wave action 
rmrovd the b h e r  islturd-spitis and e d o d  the 
trlidlla of Ula McKixdeyvills Terrace and Table Rluff 
to ttrcrir grmmrrt ~ i t . l ox l .  Eventually, a rri1~1e bay 
t.nlrtuxcr5, sppw~rnahly  in the pmlsunt. locr$tion, 
W- dovc5lod mrrl mei~.rtaincd. 

'IS,, dianeatcr h IIurr~akolclt Ray are derived 
fm~fl t J ~ m  main m u m :  runoff, emit input, and 
biolo#icd H c G v ~ ~ ~  Biologicnl activity ia the least 
kxkp*nt of the eh1m?. The c m h  m d  arxlall rivers 

&bents  into t110 bay may pmiuce locd- 
id e?R& fi.e., at the nrouth of Jamby Creek), but 
sins tho waterah& la~&ng directly into Hum- 
h i d t  Bay L quib rrlmall (approrrin1at;ttly 678 h?, 
c l i d  mdixxkent input fmm runoff ie ataa of limit@d 
im~pdmxw, Mueh o f h e  silt m d  day In Wtmboldt 
Ehy, mid pwfsabfy much of the smd as well, e n b  
9;he mouth. uf the bay d u ~ w  f l i d  tides. Thompson 
Cl WX) @ @ h a d  fi y~w1y 'c  mdin:rent Fnput 
s f  5.4 -6.9 x I@ mS w mmp ody 9.8 x ld m" 

F year from rivem rind creeks. Mwt 
d m s n t  ie p h a b l y  derived indi- 

, howa~r ,  p&icule3irly the 
FA! Rprfgc wtirKictO. d i x b w a  16 h WU& Clf t;he 

t TEte Eel River hw 01x3 of 
fief& per unit m e  in the 

wadd amnd has the highstst mdin1enG yield ph?r unit 
west of m y  lzyzjor tdr in the Un iM S t b s  
IJubltr. and X33tbr TW; Elmm md Rthr 1911; 

Jones rand Shkm ~ O C ~ I P ~ S ,  h c .  1981). The near- 
ahsra c u m b  tend h & tawsrrcfs the north 

is then carried 
into the bay during f l d  tides; C a r l ~ n  (1973) has 

ed thh 6n>m satellite imagery. Some of these 
nts ~etkle during the subsequent slack tide 

and remain in the bay. The Mad River, Ioeated to 
f HumbIdt Bay, probably also cantrib- 
en& in the same fashion during periods 

of wuaward-flowing nearrshom currents. But it 
d m  w to a much Ieerser degree h a w e  the sedi- 
ment load of the Mad is only about 9% of that of 
the Eel, and b u m  the periods of southward flow 
do not trend to coincide with periods of high river 
runoff. 

T h o m p n  (1971) the most complete 
deipxiption of the Ihxnboldt Bay sediments Figs. 
2.2 and 2.3). Boyd et al. (1975) and Bwdiek (1976) 
provided additional information on admentation 
ratice mrd the composition of the channel mdi- 
ment.  Tlzompsoon noted that the textural vari- 
ations of the surface d i m e n t s  arrt generally car- 
related with the m o v h o i o ~ c  subdivisions of the 
bay floor (tidal channels, mudflats, and salt 
marshes). 

The edirncnt distribution pattern is produmd 
mainly by tidal c u m n h  (Thompson 1971). Tke 
c o r n s t  mdirrments are found in the channels near 
the mouth of the bay, where tidal currents scour 
the bol.tam m d  Ieawe only coarse sands, gravels, 
and shell fragments* The en& decrease in 
size ns one movee up the channels and onto the 
~nudflata because of reduced current activity and 
h a u s e  fine ~edimente wttle more slowly than 
coarse d imen t s .  In addition, wdirnent from run- 
off may influence the grain size distsibution in 
c e d i n  m a s  of the bay. This is nnost noticeable a t  
the mouth of J a d y  C r ~ k  irm the northeast comer 
of Arcata Bay, where the sediments am an even 
d u r n  of s a d ,  sfit, md clay mompmn 1971; 
Figs. 2.2 and 2.3). 
Once s e h e n h  depoeitmi, wind plays a role 

in fediatsib~king them. are= ofthe bay 
pmkted  ~ X X I  wind waves by the short fehh for 
no& and. I ~ c P & ~ ' F I . ' G & ~  %%ids and tHmfcpm t@nd & 
have f m e - s h e d  ( ~ i l t r y  clay) s&ents. Other ar- 
eas, such aka the SOU* dtnd east m- of h a t a  
Bas: tend b have slightly coarser-&r-& se&- 
men& (cl~yey silt) because the fetches leading into 



Fig. 22. Sediment dietxibution in Arcata 
Bay (from Thompson 1971). 
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them are ~ u ~ e i e n t l y  long to allow formation of 
wind waves capable of resuspending the fmer sdi-  
men&. The reswpended sediments are then trans- 
p h d  away from these arew by t idd and whd- 
generabd currents. The frne~t sediments (ailty 
clays) are found around the wind- and wave-pro- 
tected m a r g b  of the mudflats and in the ~ a l t  
marshes (Figs. 2.2 and 2.3). T'hornptson (1971) 
noted organic concentrations as high as in 
marsh mcPimenb. Material that is not immecfi- 
ably added to the bay is often buried and corn- 
p m ~ d ,  forming peat deposits. 

Overall, the sediments in Ar~Eata Bay tend be 
finer than those in South Bay. There are a numbs 
of factors w n ~ b u t i n g  this &fference. First,, 
aedirnenzLe in estuaries tend to become Fmer with 
distance from the mouth becaug of decreased 
flus- rates (less diskbmce oftbe b M a r r d  and 

the fact that fme partiela have slower setkling 
velocities than coarse particlea. h a t a  Bay, lo- 
cated a t  the end of a relatively long channel, h 
farther from the bay mouth and ao receives less 
sediment but proportionakly more clay than 
South Bay, wbich receives wnaiderable amounts of 
silt and clay. Second, sediments in estuaries also 
tend to become finer with water depth, 
a id  ASGaLa Bay has relatively more high flats &an 
South Bay. 

The low flats of South Bay are covemd witb  fine^ 
sediments than the low flats of af.catbf;a Bay. Thamp- 
eon (1971) a t ~ b u a  this m d y t c ,  a y ~ h r  hawest- 
ing, which takes place irn Areah Eky but not in 
South Bay. The hmwtirrff ~ B U S ~ L ~ &  the sub- 
strate of the law flab, &ow;29 f i e  =&en& ts 
be prefemntially =moved. kn adatiora, mame shell 
malerid is added tC1 the few flats zm part of the 



Fi(r. 23. Sediment dietribution in South 
and Entrance bays Q?hompson 1971). 

oys~r-culturing process. The &edging operations and nutrient cycling. In addition, deforestation in 
asmiat& with oyater harveat have probably de- the watersheds of the bay and of the Mad and Eel 
creased the distribution and amount of eelgrass on rivers has dramatically increased the input of sedi- 
the low flats in h a t a  Bay (Waddell 1964; Keller ment into the bay by accelerating erosion of the 
and Hamis 1966; Thornpwn 1971; Harding and surrounding fields, streambanks, and shores 
Butler 1979); the low flats of South Bay have (Thompson 1971). 
extensive selgfcles stan&, which slow the current 
action and hap  fine sediments. Jettieis 

The northern California coast is noted for its 

Madimtian of Bay M o ~ b t b g y  rugged features and rough seas. As the only deep- 
water harbor between San Francisco Bay and Coos 

The changt?. in sediment; distribution associated Bay, Oregon, Humboldt Bay provides important 
with oyster harvesting is but one example of how shelter to marine vessels, especially during rough 
human activities in and around Humboldt Ehy weather. Despite the construction of two jetties 
have changed the character of the bay during the (Fig. 1.3), the enhance to Humboldt Bay remains 
last 180 y e w  (Waddell 1964; Thompson 1971). quite dangerous to navigate (Bascorn 1980). 
The jinSMlaGon of jettiea at the entrance of Hum- The building of jetties at the mouth of Humboldt 
Md t  Bay and the as part of the Wvem and 
ianpmve ship access and the first jetties were 

aornpleted in 1899 (Noble 1971). The south jetty 
and d e h ~ ~ m t e d  to the p i n t  where it had to be rebuilt 

between 1911 and 1915, and the north jetty had to 
be rebuilt shortly thereafter (Baacorn 1980). The 



work wdas mmpletd 
were nwded by 1932 

r sbm of 1%--65.Y~ 1972. 
atation of both j etties i u ~ 1 v -  

of 24fi  reinforoed concrete do1 

s4p1edtoabdiori,wave 
but by tend to promote water currents that cause 
m e  at the ends of the jetti= and s u k m t  
seta;ling of the B t r u h .  Tlre ads of the jetties w e ~ e  

built up by placing additional dolcesa3 on bp of & 
others in 1981, but it is likely that wttling of the 
dolosses will be a continuing problem. 

D 
In  1881 Congress authorized the Corps to 

dredge a navigation channel in I - fm~hld t  Bay 
extending to Eureka m d  the h s t a  wharf (Uni- 
versity of Washington 1955; Reilly 1966). The work 
was performed in 1881 and 1882. All subeequexrt 
dredging has involved the deep- and widening 
of existing channels (Reilly 19%). Entrance Chan- 
nel, North Bay Channel, Samoa Channel, and 
Eureka Channel are currently the principal corn- 
rnercial waterways of North Bay and ara main- 
tained by the Corps to depths of 7.9-10.7 m. Only 
one channel in South Bay, the Fields Landing 
Channel (HooIrton Channel), is used wmnemially 
and makntained by the Corps. This channel was 
fmt dredged in 1883. 

Fig. 2.4. Decrease in Hurnboldt Bay 
rnzuddand distribution from 1897 to 
1973 cawed by diking (RlacDoneJd 
1977). 

%or to 1976, average of 6.2 x I d  m3 of 
ent was mulmovd from W u b l d t  Bay yearly 

k a u m  of o w h  widening and h p e n i n g  of the 
chmlele ~ o m p s m  1971; U.S. Army Carps of 
Engineere 1976). Between 1977 and 1982, between 
4 x I@ and 8 x fd n1'9 of Bedbent were p~odicaUy 
=moved from the bay and dia of at the off- 
shore dispoeal sib @orgeld and Wquegnat 1986). 
Them hm also been periodic dredging in the vicin- 
ity of W d e y  I~Iand Marina on the Eureka Inner 
Reach; the mwt recent wcls during the spring of 
19%. 

a and ming 
Extsneive areas around Eureka and Arcata to 

the north and emt of the bay me lowlands, consist- 
ing of creek and river floodplains and former tidal 
marshes that were drained and convertad to agri- 
cultural urns. h e  to diking, the salt marshes 
around EIumboldt E3ay were reduced from approxi- 
mately 2,833 ha to about 393 ha (10-15% of the 
origin& area; Fig. 2.4), dmreaeing the tidal prism 
of the Bay and markedly changing fish and wildlife 
habitat (Shapira and heaciates, Inc. 1980). 

Nunlerous parts of the bay have also h e n  filled 
for vtvious reasons. Braeut Lumber and Arcah 
Fbdwood creatod the moat 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, aleo ox1 the 
eastern side of Arcata Bay, are other regions that 
have been creatad by filling parts of H ~ m b l d t  
Bay. 



to Humboldt Bay as well. For e a p l e ,  wood frw- 
merits b r a  various timber industry operations 
located on the shores of the bay present in the 
bay water and are probably m-on ira the sedi- 
merite. Riprap, sand, and other c o ~ ~ ~ c t i o n  ma- 
terials used in levees, bulkheade, and other stPuc- 
tures may also become estuarine sediments. 
mere  are presently 26 to 50 million oyetem being 
raised in Arcata Bay and Mad River Slough. Aa 
previou8ly mentioned, oysbr harvesting opera- 
tione are believed to have increased the grain size 
of the sediments on the low flats in h t a  Bay by 
adding shell fragments, reducing the mount of 
eelgrass, and resuspnding the fine d e n t s .  
The harvesting proGess also disturbs the benthic 

Eroeian and Deposition 
Certain areas within Humboldt Bay are under- 

going active emion or accretion. Some of the 
emion and deposition is naturally occurring, but 
some can be attributed directly to human mdifi- 
eation of the natural ayetern. For example, the 
building of jetties and dredging of Entrance Chan- 
nel have si&cantiy changed the morphology of 
Hwnboldt Bay, even in mae not directly modified 
by these projects. Them prajecta have been cam%- 
latedl with high-energy wavee in Entrance Bay 
and mncentrabd tidal c m n t r ,  that have almost 
completely eroded Red Bluff (next Lo the pwer 
plant in the King Sdmon area) rand Buhne ]Point 
(Tbttle 1982). To m a t  this erosion, a project 
involving the placement of p i n s  (small jetties) 
and the addition of sand between the v i m  was 
mcantIy completed. Another example of the effect 
of jetties and the resultant wave patterm in En- 
trance Bay is the northward m w t h  of the Ek 
River @pit. The Elk River previously emptied into 
the center of Enhance Bay, but it now enters to 
the no&h in North Bay Channel Fig. 1.1). This 
spit is still wwfng. 

The sdt ~xx3mhe5 dong the bay m m g h  and on 
lErr&m Island are dm undergoing active erosion. 
14lonrpesn f 9971) indicaM that the marshes in the 
a a u 6 e d  cglmr of AFca~a Bay adjacent to the 
Emkrr Slough mtreabd at  an aver- rate of 

action.. Howevert t& m ~ ~ g b e s  adja- 
lough me3 JSW~Y C m k  showed 
a$e. same t h e  prioc31. This L 

probably due to the protsetim eigniFicant 
wave action in the Mf?D~el S I Q U ~ ~  m a  and the 

mlatively Ggfa w h e n %  bput 
which is adively braj9- an 
high flab in th& m a .  h Sauth Bay, the ~10rt,bward 
figration of sand has m s d a  k sediment amu- 
]nulation to form an east-trc?n* 
the bayward side of South Jetty. 
may also contribute to the shoaling of Fields Land- 
ing Channel and the shoal lying across the north 
end of Southport Channel. 

The Wumboldt Bay region typically has two 
distinct masons. The fall and winter season is mild 
but wet, characterized by a seriee 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" 6) 
and highest in August (13.7O 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 dwing a 7'-month period from 
mid-October to mid-May (Elford and McDonough 
1974). Ths annual precipitation in Eureka, located 
on Humboldt Bay, averages 97.8 cm, which is the 
lowest amount reeorded for Humboldt County (El- 
ford and McDonough 1974). Mean annual precipi- 
tation for the Humboldt Ehy 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 Ian?, 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- 
bIdt Bay area from west to east. These low-pres- 
sure storm systems, characterized by cyclonic 
(counderclw- in the northern hemisphere) cir- 
culation, r e d t  in intense winds from the south and 
southwest as the storm passes through the area. 
E3etw-n the winter s t o m ,  the winds tend to be 
bss intense and frequently come h m  the north 
and northwest *uegnat and n 1976). 

the spring aad summer, the Aleutian 
Low disappears as the North Pacif"1c High moves 
in to dominate the North hcifie. Since wind traveI 
is mti~eI!orri~ (cIae%wise in the northern hemi- 
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sphere) mound high pressure systems, the prevail- 
ing winds during the spring and summer tend to 
be from the north and northweat. These northwest 
winds, though persistent, tend to inmase in veloc- 
ity in the early afternoon and die in the late eve- 
ning (Fkquegnat 1975). They are caused by the 
interaction of two pressure system: 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 rilse of the valley 
air. The winds have a &el nature because of the 
daily heating of the central valley. They persiet 
through the night, dthough at Iower intensity, 
because the North Pacific High is a seanipma- 

F - 
' 2 8 -  E - 

% 
g- 1 0 0 -  
a, 

taper off daring the summer m the responsible 
winds decrease in intensity. Since upwelling bring8 
cold water from depth t;o the surface in the near- 
shore region, coastal fog is wrmnon during this 
period. Fog is more common during the summer 
and early fall than in spring since the wirmde ~ p r e  

less intense, alIo the air to cool and water 
vapor to condense m the air mass m e s  over the 
area (Fig. 2.5). However, dense coastal fog can 
QC~W in the H m b l d t  Bay region during any t h e  
of the year. 

/' 
- / 

,* 

/ 

, 

nent feature. 
Coastal upwelling results &om north klRd north- Frwhwater Input 

west h d s  in the H-bIdt Bay region. &though 
it cxm q u r  during m y  t h e  ofthe year, upwelfing The drainage basin d f e 3 ~ t k  H ~ b l d t  b y  is 

is m a t  intense during the spring m d  tends to quite s m d  for a bay of this size, 

I- 7 2 -  , / ,/' / / ' - -:,,,\ 
4 4 

Fig. 25. Average daily maximum and , 
, minimum air temperatures, by month, 

JAN &B M& $R M ~ Y  J ~ N  JUL A;G S& OCT NOV DEC a d  mean percent dam of heavy fog 
(visibility I&! mile or less), by month, 

Heavy fog Eureka, California, 1941-70 (from 
Percent  1/2 M ~ l e  o r  Less Vislbillty USDC 1977). 
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PET. %a lkily pmipitatic~n in E:~iwlka, Calxf~nus, C k z . ~ k ~ x  1974 to M m h  1975. Total precipitation in inches for 
each a % o n ~ ~  is n o t d  (fwm FWor et eet. ICM). 

678 kfi? (lm l;tpm1 f % of tho IGver watc?rraX~estf. deprtdirq on pmipitation. The volume of monthly 
IwaM rasu& of Ei~~xnbldt Ehy), of which 62.4 hz maoff foilowxs monthly pmipitation quite cloeely: 
ie mpmwnbd by the bay itru*lf. Of tiit* f m ~ b  wgekr m o f f  i ~ l  high h r n  November to April and is isowest 
e n b r a  I Xumhjld$ Bay, 12% falls KB i )mipi ta t io~ during thC late ~ m e r .  The only exception is at the 

.tly arr Q1.c bayt %% is river & ~ i n ~ v  inta h&* of ehe rainy season in fall, when the soil 
higher percentage 

m$ &e rmmslhder is mgoM ix~tr.> %uth h p  Ttne of f i e  pmigihtion e summer drought. 
m~jor rive- in tho mglon do xmt h i x x  into IIurn- Fm~hwat~r  dim the bay we minor 
a~rde Iky F~(3sb w~*r ontdam fmm point: W I ~ L P  M u ~ ~ ~ E P  in tl.m~ of h ~ d r o l ~ g ~  or hydra&= 
6 a  J~p~oby @mk, Elk KPVP; Pmafxwrr~l---Eupczk~~ (&h It%%). mompaon (1971) e r r t h a w  tPle an- 
Slough, McIlmjsl Slnqh, M R ~  Kver Sleangk~ (not nual flow for Jawby Creek at 1.31 x 10' m" Elk 

e Mgld ltitivcr), m d  o t h ~  am& %ver at 7.31 x 16' mJ, andl & s k a t e r  arrd Salmon 
t (Cwh X L 8 i f ) .  The Mad Ever at 9 x 10' 131'. The U.S. h y  Corps of 

flaw& n~turaily i ~ t a  1 % ~ -  
boldt Bay ~ X Z  hfkjgkri~ times (dt-ZP~axgh A a f t 1  ffor cfaC@by Crejek t;o be 21 and EB &'ire= to 
t r ~ p z r &  l a p  W ~ W  built stnd m & n a d  f~ a ~ E ~ Q x %  $e 43-97 mym* ~~~h~ et d. (1978) ePiti- 
perid in the late IWB) ritxmPt dhngp f*id, m ~ t M  flow throtxgh the mou& of aSIe Bay La h 

it spifka over h t a P  Mad Bive~ Slough ~ n d  thus 3,4M myBec (tide ~ tw  not. bdicabd), mw, m- 
into the bay off mp~t4efat;s very fitt9e ofthe dai?y-LiM exchange 
The mount of mounaff f uhuakf i  widely m d  rap- in the bay m d  can Lhmemfam have t)Mty ca. Iwrriized 

i&y (m much m a XW-fold memaw in 2 dap), m d  t;r&ns;ient effect am? it $yhmsPgY. 

E 



Mean annual 
precipitation 

Tides and Flushing CharacteristiGs 

The tides h 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 mount 
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 A 
19%). Mean tide range and mean 
crease with distance from the inlet into h a t a  
Bay, but not ai&lcantly in South Bay (Costa 
1%). The tide moves more slowly ints &ah Bay 
than South Bay. In addition, low tide at  Eureka 
lags significantly behind Iow tide at Smnoa. 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 

of the channels, which could 
increase the volume of water flowing LErrougb 
them (Costa 1984). The general w 
ocean and subsequent worldwide rise in sea level 
may cause tide-selate?d f3 pmblem in the 

Fig. 2.7. Mean annual precipitation 
(inches), Humboldt Bay environe (from 
Proctor et al. 1980). 

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

The t h  subbays differ si+eantly from 
each other in terms of hybpaphy;  the differ- 

Time (hours) 



enms ase mwtly related to the degree of iaolatlon 
from newshorn avabrs. Both %uth Bay and Ar- 
@ah Bay have e&neive mudnata ~ t h  8 mmpfex 

1s (Figs. 2.2 and 2.3); COW- 

quently each of these s 
prism (Table 2.1). From 
m e  of South Bay ch 

increases h r n  1.83 x lo7 
& an average tidal prism 

in volume from 8.51 x 10' to 4.80 x lo7 m3 and In 
-a from 3.45 x 10' to 1.19 x 10' m3, resulting in 
an average tidal prism of 44%. Gaet and Skeesick 
(1964) estimated that 44% of the Arcata Bay wa- 
tern are replaced each lunar day (41% for the 
entire bay) and that W ?  replacement takes ap- 
proximately 7 lunar days or 14 tidal cycles. Gast 
and Skeesick (1964) estimated 16 tidal cycles (7.5 
lunar days) for complete replacement, but noted 
that flushing t h e  varies coneriderably with tidal 
prism arrd freshwater input. These estimates, 
baaeel on a simple model that assumee cowider- 

within the bay, suggest that the flush- 
ing rads ie rapid compared with other bays. How- 
ever, the flushing rate appears t.o vary with 
dietance from L.ho mouth m d  the volume of the 
joining charnels. Costa (1981), wing a model 
baaed on ti& height dislributiona, estimated the 
flushing time of the mlativaly isolated Mad River 
SIotxgh to be newly $5 tidal cycles, while Casebier 
and ToimeL (1973) eetimabd the flushing time for 
the major c h m e l e  in Arcata Nay to be 2.1 tidd 

cycles; their e s t b a b  wm bwed 0x1 move- 
ments of drapes  within the eh 

The waters of h a &  Bay f%u%*Ba Bay do 

sufficienay isolated from the m m h o r e  md the 
flwhing time is such that the bay watem take on 
chemical and biological c h m a h ~ t i m  of their 
own, inu:IIudmg separate zones within the bay itself 
(Ekittftl 1975; at  and Butler 1982). For 
example, zoopl cornunities in the subbays 
differ from each other and from those in the near- 
shore waters (Fbquegnat and Butler 1982; J. E. 
h u e g n a t  and N. Haubmtock, Department of 
Oceanography, Hurnboldt State University, Ar- 
cata, Calif., unpublished data). Also, the gradient 
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. Bquegnat, b- 
p h m e n t  of Oceanography, Huarbo1dt State Uni- 
versity, Arcata, California, unpublthed data), and 
m n F i  that some of the peripheral areas within 
the bay do not flush as rapidly as the main chan- 
nels. This effect L especially pronounced in Arcata 
Bay becauee it is isolated from the nearshore by a 
long, deep channel (North Bay Channel) with a 
volume similar to the tidal prism, which inPlibib 
the flushing process. South Bay, having a much 
less extensive channel system and being conn&d 

T&b 2.1. Gmml chamte t . i s f k~  of Humbotclt Bay (Shapiro and Associates, I m  1980). ---- --- -------- 
Cha&~aGc Sou& Bay Entrance Bay AFcata Bay Wmboldt Bay -"----------- --- .---- --. 

Ever &har&idd prism 1-30 0 7.12 ---- 4.27 
" Mean iower fuw water (8 feet). 

Mean hi& W W B ~ P  (5.7 feet). 



to the mmbom wa.tr;r~ by a much ~ho,B%f?r ~ h m -  
neX, haa as sskaojr$bt LiPBe and closely 
msmes  the chwackrhtieer of the newhorn envi- 
mmen t  @ta\aemt and Butler 1%2). 

Even w i ~  h a &  Bay and &uth Bay 
" ' 

a p p w  to be Ihrnihd; the wakm o 
me found in two well developd 

i tkl  1976; muegnat  and Butler 1N2). B y  
ent water is found over the nruoulatas at 

moves into the channels at low tide. 
nt water mmists of near- 

shorn water ineo the channels 
Rood tide; it is found in the channels at hi 
and is advwted offshore during ebb tide. Because 
conditions in the nearshore fluctuate &matically 
between upweUh 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. 
PequegnaL, 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 atr mixing areas, receiving 
water through the bay mouth and from North Bay 
Channel (Areata Bay) and South Bay w i t h 1  
1975; Costa 1982). This region is an extremely 
energetic area; water entering Entrance Bay is 
probably vipmu~ly mixed before being transported 
nor&, south, or west. Turbulence c in 
this location t\s neapshore water e aY 

flood tide and imp on the shallow area 
on the east side of Entrance Bay, sending a diver- 
gene ta the north and south dong the eastern 
shore. Much, if not all, of the vertical etratifiwtion 
of the nemhore water column ia brupted by tur- 
bulent wabr rushing into Entrance Channel and 

Bay. h a u s e  the subsurface nearshore 
water is usually colder than the surface water, this 
mixing results in water temperature8 within the 
bay which are 0.2-0.3" C lower than the nearshore 
surface temperatures. 

Currenh and CircuiEation 

The ckdation of Humboldt Bay L h 0 8 t  com- 
pletely t iddy driven (Costa 1982,1984). The large 
change in volume with tide results in a very ener- 
getic system with high-velocity tidd c m n t s  and 

the tidal prism of subbay (Table 2.1). The total 
td freshwabr input to Hurnhldt Bay is ap- 

is fairly stP-aghtfomard and hae been desa-iM by 
GBt3k and Skeesick (1964; Fig. 2.9). The currents 
follow the major channels, are strongest in the 
chmels,  and deerem with increased distance 
from the bay mouth. Gast m d  Skeesick (1964) 
noted little change in velocity with depth in the 
water wlumn, the exception that surfaee wa- 
a&FB moved slightly fmter than the deep waters. 
R, L. Beittel and J. E. Pequegnat (Department of 
Oceanography, HumbIdt State University, &- 
cats, California, unpublished data) and hquegnat 
and Butler (1982) found that the nearshore water 
moved up the axis of North Bay Channel and 
intruded into the c h m e l s  of Arcata Bay when the 
tidal change was greater than 1.8 rn. 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 veloci 
J. E. Pequegnat and M. 6. Landstehr (Dep 
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 ny'sec a t  the 
entrance to South Bay, and slightly faster than 
1.7 +ec in Entrance Channel. Beech (1977) stud- 
ied the currents in Eureka Slough and in North 
Bay Channel leading tx, Axcata Bay He found peak 
velocities of 0.5 dsec  in the channel between 
Eureka and Woodley Island adjacent to the ma- 
rina (Eureka Imer Reach); the channels between 
Vaoodley Island and Indian Island had peak velsci- 
ties of 0.75 dm. Beech (1877) found that 75% of 
the water entering and exiting Amah Bay passed 
through Sarnoa ~hanne l .  The velocity pattern and 
volume transport for the various channels is not. 
well understood (Cash 1982). 

The most dang,emus currents wdaubbdlyr o@- 

cur in the Entrance Channel, par t ieddy 
outgo* tides, when the water le 
inbracts with the incident ocesan 
CSIC Northwest ewriences the most severe wave 
c~nditions in the United States (6mtm 
1984). 1t is for wave8 tcr t>p"eF$E. 
acposs the e n t h  
 badly jrw* 

is large, 'k$e bmmd is M h e r  bcms~led by the fact 
that the waves ~ P Y ?  oftr,n rn Imp that they 
b ~ &  over the jetti-. 



M a u s e  of th@ presence of both nearshore cam- 
padea l t  waters anti bay c o m p ~ e n t  wakrs in 
each subbay, the water chrmrachristics in Hum- 
hldL Bay at a given p i n t  charage &matieally 
with tidal stage and me debmined by a cambi- 
anation of p m s s e s  occurring in the nearshore 
(e.g,, upwell*), in the bay ibelf .f(e.g., evapora- 
tion), a d  e?pieodiedTy on the land surroundirag the 
bay (e,g., mnoff from the smdi waks~hed]. The 
e x ~ m i w  movemnb; of water in the chr~nnele with 
the. ebb and flmd of the tides nt@sultE, in turbulent 

skatifrcaGam in the charnels of the bay; however, 
bariwrntd madienh up the channel axera separete 
the nearshore w ~ n n p a ~ e t n t  wafkrrs Emm the bay 

n t  waters {no& movement of the 11." &: 
isotherm hn Figs, 2.10 m d  2,11$. These gradienb 
rape seen in k m p r a t m ,  sEkqi~l;Y, and nutrient 

Fig. 2.9. Ebb and flood tidal current 
patterns for the major channels in 
H m b ~ l d t  Bay ( b m  G~ta 1982). 

and cldorophyll concentrations, with the wafer 
near the bay mouth at low tide being m a t  similar 
to, but still distinct from, the conditions in the 
nearshore (BeitfR1 1975; Pequegnrat and Butler 
1982; 9, Brandes and J. E. Eaecpegnat, mpub- 
lished data). 

S~momL G h w e s  in t h  Nearshare 
Water 

The coast of northern CdSomia is nokd for 
upwelBing, but there Elre actually t h e e  basic 
weanopaphic emditions, with associated water 
types, possible in the nearshore environment. 
These emhitions are dictated by the winads, a d  
the aragssies of' the gr,-inds =e sseh that mlgp of 
these eoneiitiom can CICCW a k  any % h e  of the year. 

r, are characterized tay 
~ k o n g  winds from the north and no&H.west md a 



southe~"1y c w n t  wk, K g h  nubient concenka- 
tioars, low oxygen c ~ n m n k a t i o m ~  %OW water &em- 
peratwes, and naoderably High e d ~ t i e s  me 
fowd llrm the nemshom waters dwhg upwelling 
periods. 

. Such periods, with li& 
ant direction, are eorn- 

and early fall. lDuring these 
a Current, normally offshore 

with a slow southerly set, moves closer to shore 
low nutrient concentrations, high tern- 
and moderate adinities tA the near- 

shore environment. 
. These are w m o n  in late fall 

and winter and are characterized by strong south 
and southwest winds and a northerly current set 
(the Davidson Current). During these p e r i d  the 
nearshore water is characterized by low salinities, 
high sediment loads, moderate nutrient concentra- 
tions, and oxygen saturation. 

&ie and Shller (197'7) have given names to 
thee hydrographic seasons as followe: the upwel- 
ling period h r n  March h August, the oceanic 
perid from August to November, and the David- 
son C m n t  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 a re  
statistically derived and the conditions can  
change rapidly any time of the year. En the spring 
and summer, for example, the characteristies of 
the nearshore water have been observed b rapidly 
oscillate from tho= associated with upwelling pe- 
r i d  to those associated with nonupwelling peri- 
ods a d  back within a few weeks (Pequegnat 1975; 
hquegnat and Butler 1982; J. Brandes and J. E. 
Pequegnat, 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- 

High Wafer: +5.9 1354 

Range 6.9 Fset 

Channel ta Mad River Siou 

rcata Channel to Arcata wharf pilings 

Fig. %IQ. Temperature, chlomphyll (black bas), and pmdudivity &~buLion {white k r )  st low and high tideep 
la fsom Humboldt Bay entrance inb Arcah Ba, 8 August 11975. Sbtion HX3P ia m k e r  buoy L I 0s 

shore; station 0.0 is at mouth of Mumboldt Bay; and a91 other &ticans are indicated by En matic& mil- 
up bay from mouth e q u e m t  and Butler 1982). 



83 4 September 1975 

Low Wwter: + I  3 F t  1739 

High Wuter: t5.7 F t  1157 
Ronge 4 . 4  Feet Out 

moa Channel to Mad River Slough 
. 

4 September 1975 

Fig. 211, Tenxprat~m, chlorophyll ( b k k  bar), and pmductivity distribution (white bar) a t  low and high tides in 
chaulele fmxn JtInrnlmldt Bay enkaaxcc into Ancab Ray8 4 September 1975. Station IU31 is rnarker buoy 1 naai 
off shore; sLaLjort 0.0 h at nzcauth of I%untboidt Bay: and dl other ~ h t i o n s  are indicated by distance in nautical. 
mslm up bay G m  mouth (Mecluepat and Butler 1982). 

mn1;6 couduebd irm 1975, dli three oce?anoparyhizic 
cmnditiorrs wertj obeowed in the nemshom within 
e\. 6-week period (F%E;IPIc?$~R~. and Hodg~om 1976). 

The ~ U ~ P ~ ~ ~ C I ~ W F Y ?  of the x~em~hcrre watrtm of 
nodhen1 Cdffoimin hnt.~ B mrsparraf. ~ m r g e  of 9 -14" C, 
wi& ; l r & ~ i ~ n d  opiscdes of up cia 2" C oubicle this 
range. The of &n~perai,ms in H m b l d t  B~lsy 

idex; frorap 9" 67: to mom than 20" C 
%u.e-t and ISutIes 4982; J. %SrmeXea and J. E. 

ublished dflt8). Memhsm m d  bay 
&ona less than 25 p& per thou. 

periods of high runoff b p a h r  
t;hm 34 ppt when doeper water is adv&d to the 
surface during periods of brknse u p w e l k .  f n both 

the lower salzties me associated with peri- 
ods sf andera& m o B P  b t  E&er sdities 
wsciciakd with prb& of high evapration rather 

than u p w e k .  O f w w ,  the dpm"pes- 
ti= within the bay depends greatly on the stage ofthe 
tide, and the patterns of temlpemtm and salinity in 
the nearshore wa&m and in H m b l d t  Bay can vary 
rapidly with ch reghe8. Neve&elw, 

in the bay (Fig. 2.112; 
Sbles 2.2 and 2.3) hw h$icaM pa- ass&- 
akd with mewshore h y d r o p h i s  mxa&ti~m (upwel- 
Erx m d  low wind [nonupwek]), 

interne upweUk perids the sea surface bmpra-  
k e  m y  drop ta less than 8 O  C, wrikh salinities 
greater &an 34.1 ppt, Shce uywrew is mswx7iat;ed 
with mohh and n o h w e s t  winds m d  dear akies, 
2w10ff is 10% and evaporation writ& the Bay tends 
to be high. hk these pris& there is a mmkeCE 
inemme in; bmpp-a tw ~5th & h w  up the main 
channels of H m b l d t  Bay (Figs, 2.10 $pad 2-11; 



Tables 2.2 and 2.3) and the salinity knde to be high 
thrvrugbo~t the Bay (i.e., more than 33.6 ppt). 

Low windperiods. During per id  of calm wind, 
the warm surface wahr offshore tends to move 
onshore. Concurrently; the sea surface tempera- 

6 
ture typically rises higher than 13" C and the . 

% salinity is usually less than 33.5 pgt. The watem 
6 

91 
may be vertically stratified with resped to both 

4 temperature and salinity. During periodGi of low 
wind in the late summer and fall, both the tern- 

/ -- North Bay Channel 
perature and salinity tend to increase up the chan- 

8 
/ *  / -  riel axes of each subbay; conversely, when the 

@ \$&ja0 $, 
winds salinity subside decrease in up winter, the channel both temperature axes. and 

== lf \\ 4'63 ; uumboldt ~ a y  Stormy peri<xis. Because the northerly flowing 
.s ,i.,4_"̂ .' ~a~ i forn ia  Davibn Current is d a t e d  with winter stom, 

' &, the~hore~acewatsrstendtobecool~essthan "9"" 
11" C) with low salinity (le88 than 32 ppt) bemuse of 

fi  @ < ~teld's Landtng 
Scale 

8 

high runoff. The nearshore waters ale0 tend to be 
,,; d ~ o u t h  say) i kilometer + - highly stratifled, prinarily because of vertical &- 
i - \ /;. 

i a< -* t, . ity gradient, Since this straWication tends to be de- 
- . j stroyed by turbulent mkhg in the channels of the 

' C  ;$ bay, the s&ty of the bay watem tends to be higher 
w a t e r  than 33 ppt) than the nemhom surface 

Fig. 212. h t i o n  and designation of Humboldt Bay waters. Runoff cancause stsatiffcation withinthe bay 
~hysicodhemical sample stations. Data P ~ M ~ M  compartment waters, but b u s e  of the relatively 
in Tablea 2.2 and 2.3 and Fig. 2.16 Opesuegnat and of a n t e m  the bay wu- 
Butler 1981). lent mkbg, the bay compartment waters ars strati- 

Table 2.2. nntperntum, salinity, Secchi depth, &salved oxygen, pH, and chlorophyll-a measurements 
during upwelling and m n u p w e l l i w  conditions in Hurnboldt Bay, Am and September 1980 
(Pequegnut and &tkr 1981). 

from Secchi Dissolved oxygen 
baymouthTempe~i~Sgc lS ty  depth Saturation ChtomphyU-a 

Stationn (b) (" C) (PP~) (4 P o )  PH h d - 4  

28 Jane 1BtW (nonupwelf ing) 

NH 6.6 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 6.59 
053 -1.6' 12.4 33.34 4.00 4.17 69 8.33 13.27 
MC 7.4 15.1 33.47 1 .@I 3.24 57 8.13 11.38 
SC 11.1 17.3 33.23 0,W 2.93 53 8.01 6.38 
m 12.6 - 33.54 0.89 260 - 8.03 590 

24 Saptemb9.r B W  (zmpwaIlinef1 

NI1 6.6 14.2 33.48 1 .MI 2-04 35 7.$7 2.3% 
SP 6.6 13.3 - 1.44 1-96 - 7.95 - 
OS -1.6' 110.9 33.46 2.20 1.75 28 7-92 3.48 
MG 7.4 16.3 33.66 1.40 2.00 35 ?.% 3.54 
SC 11.1 16.4 33.68 1 .W 1.61 29 7.98 3.16 
vW 12.6 16.9 33.80 1 ..XI 2.17 39 7-96 290 

See Pig. 2.12 far station locat,ioons 
Nearahore atation appmxireately 1.6 km off~hom- 



Chlomphyll-a 

Station* (" 

SW 7-1 17.2 33.76 0.90 4.93 90 8.09 3.60 

NH 5.6 16.2 33.78 1.00 6.10 91 8.10 3.41 

SP 5.6 14.7 33.70 1.15 6.48 95 8.09 3.60 

0 3  3.3 16.2 33.7 1 1-30 2.41 42 7.91 4.48 

hlC 7.4 16.8 33.76 1.10 4.68 83 7.95 3.31 

SC 11.1 17.8 33.85 1.00 4.77 88 7.95 3.60 
BI" 13.0 17.3 33.137 0.90 4.75 87 7.93 3.71 

SI 15.0 18.0 33.95 0.75 4.36 8 1 7.83 4.16 

&fw 12.6 18.3 34.06 0.90 4.73 88 8.06 3.49 
TB o.& 9.8 33.52 3.10 6.12 Sa 7.83 2.59 

24 July 1986 (nonupweIling) 

9I.f 7. 1 14.8 33.86 0.80 5.19 90 7.92 1.65 
Mi 6.6 13.7 33.83 0.90 5.03 85 7.96 1.54 
SP 5.6 13.0 33.80 1,16 5.63 93 7.96 1.23 
CG 3.13 14.9 33.83 1.16 5.32 93 7.97 2.45 
Met 7.4 16.3 34.0'7 l .Oa 5.12 92 7.98 1.06 
SC 11,1 17,l 34.13 1.26 6.06 92 7.80 0.88 
la 13.0 17.2 34.19 0.90 4.96 91 7.99 0.88 
$1 16.4 17.3 34.14 0.70 3.81 70 7.81 0.66 
xYv 12.G 17.4 84.35 1.10 4.93 91 8.02 0.60 
TB 0.0') 12.6 93.67 1.75 7.40 

w--w-wm ----- -. --- 123 8.30 6.37 

" Sntl Fig, 2.32 fur ntrtLiorr IcmWotu. 
h?"rhtidrrtl b y ,  22 krn r~ortft crf I iu~x~k~ldt  ghy, WN(I \ U I ( . ~  for rrctrrwltunr rontml. 

fL& only apWicdilly, inundiabiy foliowh p r i -  (1 1.97 111& during nonupwelling periods and 4.26 
ocfs of kkh mr~off W i t b l  1975). mg& during upwelling periods) and found the 

most stable oxygen concentrations in the north- 
8-qgen and plf  east quadrant of Arcata Bay (8-9.6 mg/L). Pequeg- 

nat Eund Butler (1982) and J. Brandes and J. E. 
The oxygen concentration in the newhope Rquegnat (unpublished data) found dissolved 

wabr i~ i n v ~ r ~ e l y  carne laa  with Lha inhrnit~r of axygen concentratiolna in Arcata Bay close to the 
upwulIi&lg; rtwh~g inhtwe npwellixzg., the a_xygen expeckd saturation values based on tenperatwe 
eoncentratio~t may h, less thm1604~ of the satwe- and (T8blee 2,2 and 2.3). 
tion conmnbatian. Ra a msuIt, the cox1cexxtratian The pH values found in Hmboldt Bay waters 
of dissalved oxygen in t,ha ci~armelru of Htmbldt  have not shorn any unusual patterns (Tables 2.2 
~ a y  a t  high tide is often quite low the 5 t h ~  _d 2-81; values hm 7.7 to 8. 
hand, u e u s e  the bay m m p b e n t  wahm are dth the lower being -wiated eth eimi- 
r3pmad sue over the muclfiab in rx thin layor tat 
high tide" rurd h a m e  the t;.xcht%ttge veIwity of 

lar pH values in the nearshore waters during pe- 

o w w a  ksstwwn w r r k  and air i e  f~tirly high @ro- 
nbda of upwell@ (J. Brandes and J. E. Pequegnat, 
unpublished data'). 

&er m d  Pew I%%), the wnentatiort of oxygea 
in the bay mmp W E I ~  i~ always 
rsatwa.tioa. n i s  is irm a~;~rmx.ncnt with Gmt m d  

Nutrients 
$ k ~ s i &  (I%), who mvrded: their highest arnd Bquemat (19%) suggested that tthe t b  ma- 
f o p p ~ t  oqgon conrcemkeition sit %ha bay sntrancr! jar saurces of nutrients t~ the Bay are sunoff, the 



newshore wabrs,  a ~ d  m ~ c i p d  wbp8bwahr. 
m u e p t  and BuP3er (%%I) esLinlaM  at in 
1979 the wcastewa&er &om Eureka eontpibuu 20- 
5W of the Faed n i h g e n  fomd in the bay compart- 
ment wabm of Arcah. Bay d&g the 150-day 
p r i d  of low m o f f  in s r and early fd. Since 
then, the amount of 
Prem wmbwater sources has bgen deereased by 
meaeures enacted between 1982 and 1986 by the 
muralcipsllities s the bay. ID J m e  of 
1984, E m b  began di. ta p&idy 
waetewater into a fre marsh for 
tseatment, then punraping the marsh water lnto 
N ~ r t h  Bay Ghaanel on outgoing tides. Since July 
of 1986, Areata 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 a t  two locations in Ascata Bay 
before (1980) and &r (1986) cessation of waste- 
water input (Fig. 2.13; Pequegnat 1988). In 1980 
the concentration of nitrate was high in the near- 
shore during upwelling periods and decreased 
with dirPtkulm up the charanel into Areata Bay, 
while during nonupwelling periods the concentra- 
tion of nitrate was low in the nearshore waters, 
lower in the c h m e l s ,  but not much different in 
h a t a  Bay It is interesting to note that the same 
general patitem were found in 1986, &r the 
washwater nutrienh were diverted from the bay, 
but that the actual. nitrate concentrations were 
lower &an prevxiously (Fig. 2.13; Tables 2.4 and 
2.5; Pequemat 1988; J. Brandes and J. E. Pequeg- 
nat, unpublished data). 

Tlae diversion of w h w a t e r  leaves m o f f  and 
the nearshom waters as the primary sources of 
nulrientrr to Hurrrbldt Bay. Runoff tends ts be 
episodic, -usring mainly during the late f d l  and 
*br. Therefore, nutrient conLributions to the 

runoff may be s i d ~ c a n t  during the 
r, when runoff iPi high, but not during the 

m o m t  of nutrients available to the 
bay h r a r  the nemhare  varies with the h y h -  
grcap&e re&e in effect. As pre~aassly noted, 
there tars three basic water types foaxd in the 
n e w h o e ,  dewn&g on wind wr.r&tiom, each 
with cchmacderistic nutrient mncentrationrt. The 
Erighest nutrient concenkatiom in the newhose 
me asaaseiEaPPd with upwellhg prio&, while the 

Nonupwelling 80 -6 
Upwelling 81) -C 

Nonupwelling 86 -A- 

Upwelling 86 + 

-7- 
2 4 6 8 10 I2 

Kilometers from mouth 

Fig. 2.13. Nitrate concentrations in HumboIdt Bay 
waters during p e r i d  of upwelling and nonupwelling 
(Pequegnat 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 Iwal wind, which 
can change rapidly at m y  t h e  sf the year, the 
nearshore may a t  times act as either a source of 
nutrients or a sink for nutrients. Because upwel- 
l ing can be quickly triggered by a short period of 
high wind following a period of s b m ,  offshore 
conditions may be in a state of flux unless a long 
period of stable weather occurs. This wnstan&ly 
changing nearshore environment is reflected in 
the nitrate concentrations f o n d  in the nearshore 
and in North Bay Channel which leads tA, Arcata 
Bay (see stations CG, Me, and SC in T d e s  2.4 
and 2.5)- A t h e  lag between the nearshot-e and 
channel wsiter eharacbristics indicates that the 
channel waters reflect not what is 
moment in the nearsbore waters, 
present a few days ewlier (in effect, two sinusoidd 
curves, with one being driven by the othe~). 

That the nearshose waters may be a sink fix- 

certain nubiernde the bay as gig a source for 
others is implied by the phosphak, nitsale, and 

onium gra$ienb between the b q  and the 
nearshore w ~ h r s .  

P ~ Q S P ~ $ B :  
Pe-,.e=at pad Bl~tier (1983) mi3 J, RymQfe~  and 

J. E, Pequend bu11puklkhed dah) memmd phos- 
ghak concr;nktsatiom iw the bay at low mlek high 
tides m d  found the @c~4.=nbsab;ivm at low t5de ta be 



Tablie 2.4. Nutrient concentrations and total nitrogen-to-phospho~u~ rat ios d u r i ~  upwelling a d  
~ ~ p w e 1 L E ~  mnditlons in Humbldt Bay, June and September 1980 (P% gallRt %3utkr 19823e 

-- -. 

26 Jus  1980 (nonupwlljng) 
0.49 0.17 
0.00 0.46 
0.23 0.00 
0.48 0.81 
0.56 1.14 
0.93 1.27 

24 September XW (upwslling:) 
4.01 2.97 
5.23 2.N 

16.90 2.41 
4.96 4.22 
3.30 3.66 
1.39 2.78 

---- --...."-.-- ---.- -- 
a v hee Fig. 2.12 fur ntntiarl locrilionw. 

Mesmllorut wtrrtiotl ~ppwxirnnbly. 2.63 krrr offwlrnm. 

Table 2.6. Nutknt comntmtkm and total nitrogen-to-phsphorus m t b  &ring upwelling and 
mne~putelling cond.itwns in fimboldG Buy, July 1986 (J. BmnidEs and J. E. Pequegnat, DeparEment 

nqgmphy, Eluntkldt S~atcs University, A m t q  California, unpublished dgta). ---- --*.-- 

m e w  frOm 
bay mouth NO2 NO3 mh I334  Si 

SbLion" (hl) (~agcltond~) (pgato (pgatomFtn1 (pgat;omw'L} @gabms/L1 N:P 

EO July 1884) (upweIlia$) 

SH 7.1 0.21 0.79 1.9 1.6 18.4 1.8 
Pa3 5.6 0."B 2.21 2.0 1.6 19.3 3.0 
SP 5.6 0.23 2.67 1.3 1.2 19.9 3.5 

3.3 0.44 9.90 1.9 1 .6 30.4 7.7 
I&f@ 7.4 0.37 4.80 2.4 1.7 29.3 4.5 
SC 11.1 0.33 3.22 2.3 1.6 31.9 3.6 
E3-T 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 
Ic/Mr 12.6 0.2d 0.40 1.8 1.8 30.6 1.4 
223 0.d 0.68 21.50 1.6 1.5 41.8 16.0 

24 Jdy XDBgi (ncpnupwaHing) 

531% 7.1 0.38 1.77 2.98 2.02 13.0 2.5 
fVP-S 5.6 0.27 265 2.76 1.69 13.6 3.6 
SP S,6 8.22 2.40 1.96 1.37 13.8 3.3 
CG 3.3 0.35 4.83 2.98 1.73 13.7 4.3 
MC 7.4 0.24 4.39 2.63 1.56 14.6 4.7 

12.1 0.17 1.67 2.96 1.80 24.5 2.6 
BT 13,O 0.18 2.22 1.72 1.90 14.3 1 .Ei 
S;k 15.4 0.34 0.34 2.71 2.75 20.1 1.2 
rn 12.6 0.14 0.50 1.65 1.81 14.2 1.3 
TI3 0-ob 0.08 0,M 0.41 0.30 1.7 1 .S - 
a ~ a e  Fig. 2.12 for station lwatiom. 
b %nidaad b y  water was used for the rmonmtnore control. 



p a b r  thm at Egh tide and p a & r  &an the high 
tide eoncenW~om that GwraL m d  Skeaick (%W) 
fomd, Tlre phmphab mdiernt 
moderate in the rremhom 

upper bay watem. W a s h w a k  ie: a likely 
of phosphate within the bay, ~ E I  are the bay 

sediments, becaw,  amrding to Burton and Liss 

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 ta moderate 
&ncen&ations 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 
suggeeted by the ratio of nitrogen to phosphate in 
the bay, which is relatively low compared to the 
16:l ratio suggested by Redfield (1956). 

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 h i d e  the bay. Nitro- 
gen in the form of anunonium 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 I lubo ld t  
Bay and the nearshore waters during the winter 
(Fig. 2.141, 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, dowing them to remain in the sunlit 
layer where they receive ~ ~ c i e n t  light tQ grow 
and reproduce. The ph+pl&n in the near- 
shore, in contrast, are mixed to considerable depth, 
out of the e d i t  layer. tbe early spring, 
cMomphyU co~poemrhtions in both the bay and the 

Fig. 2.14. Chlorophyll concentrations and water 
temperatures for offshore, North Bay ( h t a  Bay), 
and South Bay during an $-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 lirnit'ing. The chlo- 
rophyll concentration in the nearshore generally 
remains high during the s 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 t~ the bay's 
sustained productivity and that the removd of 
this source could decrease the productivity of the 
bay; recent chlorophyll data w n f i  thie poseibif- 
ity (Fig. 2.15). Chlorophyll concentrations meas- 
ured a t  two stations in the channels o f h c a t a  Bay 
during the summer of 1980, when wastewater was 
being discharged into the bay, were mnaisteaeIy 
higher than those measured in the same locations 
during the summer of 1985, after cessation of 
wastewater input (J. Brandes and J. E. Fbqueg- 
nat, unpublished data). Although the chlorophyll 
concentrations were lower in the bay cornpart- 
ment waters in June and early July of 1986 than 
in 1980, there was a dramatic drop in late &.dy 
and early September of 1986. This drop coincided 
with the mid-July diversion of h a t a k  s m t e w ~ -  
ter flow &om the bay to the freshwater marsh 
project and indicabd a lowering in primary pro- 
ductivity in the bay wsssoeiabd with this diversion 
(J. Brandes and J. E. Pequegnat, 1~npubIisfned 
data). It is likely that the w s b w a k r  nuk5enr.f;s 
were xruts3:ent budget 
~ m d  b its S U S % & ~ ~  

prductivity The loss of these nutzientrj: eventu- 
aily may result in. reduced a ;wpIdkn and beri- 



Fig. 21s. CMorophyll sanmnktllhctrta hfom ( I W )  and 
i f b r  (1W) warsakian of waekwahr  diarllaqc irrto 
Arcah f3ay (fiquom~rtt IW) .  

thic pductivlty,  aagxwinlly f i h r  fwcterr such a s  
tile mn~xnercially rt~iktnd oyrtnra. 

1ITm wakra of IEtmmlx~ldt Bay ~3 quite tux-bid. 
htxmi~ug Wxut k, the sxtiridcian mfficitz~~t, is re- 
Itaid t;o W, the depth of di~nppwmktw of a %xdJ 
di~lr, by the c+i~uatinx~ k =: 1.@71 (I& axid Gilbert 
19142, the watur depth b which 1% of Lire surface 
illtunixxstion reaclioe vlrricrr fmrn lem Lltm 2 m to 
a b u t  ti m, with the norrrk kwic-.irlg new 3 rn (Tablea 
2.2 and 2.3). ' n ~ e  tt;txrtzidity of tho hay wafer i* due 
xnninly ta sue~~x~cfc+d aodimerzta (\wdh fwrx~ runoff 
m d  thwcl n*rsue~~xtlcti fmln t*i~e nludflrkts by wind- 
waves) m d  frc~nt ph .~p laxzk i~x  fau~rd i* tht* wafer 
whmxr dtlring pc?rida of PEigRfx pductivity. 

With incressed shipping: t4nd fie-, H m b l d t  
Bay h m  &m exposed ta typical ~ B l u L a x h  such 

petsolem, antifoulia bottom p&k, and un- 
h a b d  human and fish-proeesshtng wasks. iSloktt 
of these problem are being a d h e e e d  4i.e., by 
wmtewater treatment and removd). Until re- 
cently there were sanitary waste d i s ~ d  ia.dfi& 
at each end of the bay, and although they are now 
c l d  and the Arcata l m S i  ie covered by inapesvi- 
ous muds, there is still a potentid for these two 
regioner to introduce a su ib  of toxipls LO tlxe bay in 
Lhcir leacham. 

Since there is relatively little heavy industry in 
the region surrounding the bay (the largest being 
two pulp mills that discharge to the man rather 
than the bay), then! are few sources of toxic metals 
other than naturd mining in the smdl watershed. 
711e S t a h  Mussel Watch pmp-ograrn found Humboldt 
Bay to be one af the least polluted bays ul the, state 
(M. Martin m d  M. D. Stephenson, Mwine Re- 
sourtte I~ikmrabry, California Department of Fish 
and Gurnc, Monkrey, unpublished data). In oys- 
Lcrr k ~ k d  from all enclosed bays in California as 
prwt of the Mussel Watch propam, the overall 
corrcentration of mthropogenic indicator trace 
ntotrtle (silver, zinc, and lead) was lowest in Hum- 
hxtldt Bay. Concentrations were similar in Hum- 
Ix>ldt Bay oy~ters  and in those from Drakes Es- 
Iero, tho open coast control station (Table 2.6). 
I~OWPVBT, fihc concexkbatiom in oysters of trace 
nketals iridicntive of terrestrial influenee were 
gcrlcrally highor in EIurnboldt Bay than in h&es 
I.htCm scunple~ (Table 2.15). 

T~ble 2.6. MTelsxl ~vr~fi~ntflxkirlns (mean 1:)$?~rnt J. 95% C.1.) in oysf&rs front Dmkee Es&m ((an o p n  m m t  
mnfrol stc~tiun) nrrd ffumbmiftLf Bay (WI. A.k~rlin arzd M.O. Skphrasog M a ~ m  Resources L.&omtoi-y, 
Catiforrak Pr(.?px@merxf o f f i f r  c z t d  Gcrmt; IIfc>~'itcnl): urzpuhltshd data). 

k a t a  atXwcr Gntral South 
Me& ISt-ake~ Fabra outfnll hats 13ay 

- ----- ---- Himboleit Bay --_ ----- .I".~"-".^I"I"- - -- 
Sxlvrar 0.1 i536.06 0.68 ~0.42 0 . 5 2 k 0 . 4 F  0.33kQ.32 
Zinc 316*37 317t169 3902308 4Nk521 
Mihlaullirrurr~ 62t 17 1Q6t3"; 1961 178 144*'?7 
IImn % L O  4071 172 4502131 4509 131 
--" - *-**- -11-1_1* - -I - --" -ll_ll.l_l_l_l_̂_. - 



Chapter 3. Biological Habitats and 
Comm 

m e  wide variety and complexity of habitat in 
and around Hmboldt 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). 
Hmboldt Bay is the only m a  of appreciable 
acreage of salt marsh between San Francisco Bay 
and Coos Bay, and it links the two floristically. 
Although NacDondd (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 Hmbo1dt Bay area, nearly W/o of the 
original salt m m h  areas have keen either diked or 
filled. W y  393 ha of the original estimated 2,833 
ha of salt marsh remain ( M o m  1973; Shapiro and 
Associates, I C .  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; Humbo1dt Bay wetfmds miti- 
gation needs and restoration goals study, conducted 
in 1984 by Huunboldt County, Eureka, Calif.). 

Three main factora 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 mound 
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 rnost 
often occur mntiguously with the salt marshes and 
with the exception of the extemive areas of grazed 
seasonal wetlands, are usually narrow remnants 
dong sloughs and near riparian woodlands. 

Woodiand 
upland 

Low mud flats 

. 

Fig;. 3.2. Profile of Hunzboldt Bay habitats (modifid h m  Monroe 1973). 



Fig. %SO Wumboldt Bay tidal m m h  border with unique mixture of cordgrass and pickleweed. Note pickleweed at 
lower elevation than cordgrass. 

Salt Marshes 

Hurptbldt. Bay salt marshes dire dominated by 
v d a r  plmt a p i e s :  picueweed (Sa lbr -  

n a  vir$rinim), Wurnboildt cordgrass (Spartinu 
denaiflora), and saltgrass (Distichlis spicata; see 
Appendiar A). AuhXogical idomation on pickle- 
w d  aad s d m a s s  can 'tx? found in Mahall and 
]Park (1976), M a c b a l d  (1977), Newby (1980), 
%pw (1%1), %dier (1982), and Josselyn (1983). 
S u m  &tcf on Spartiria densifim canbe found in 

1W), bgfjra (1981), and Spicher and 
(StS53. W1.ile central and wuthern Cdi- 

edt wasus, fie 1ias~z.e areas donrixrated by 
&mi&m unique to Humboldt hy. 

EW EL I d  emtype dSpaH-lina f~liosa, which aktains 
exlemisn in M e g a  Bay and i5 

on &om San Frarmcisco Bay south to Baja 
Callfoda (Spicher and Joswlyn 19e35), Sprtina 
dsnsifirrr o@@m at a H.ligber hhdicfd position 
than S. folbca m d  d b &  a f;ePftp:d or ~ 1 m p d  
w i t  (tu&80ch), W 0 ~ p 0 p s d  b the SOhw9 @vE%K& 

space;& c u b  of 8. f0~i .w~ st=&, b e e m h e r s  
noted the diffe~nce in p w t h  fom and intertidal 

distribution (MacDonald 1977; Rogers 1981; Jesse- 
lyn 1983), but this taxon was not recognized as a 
different species until 1984. Ecological and hxo- 
nomic evidence compiled by Spicher and Josselyn 
(1985) documented that the Humboldt Bay cord- 
grass is an exotic species introduced &om South 
America. Lumber was exported to Chile from the 
north coast during the mid-1800's and it is specu- 
lated that 5. densiflorn found ita way to Humboldt 
Bay as ballast (Spicher and Josselyn 1985). 
Spartina densiflorn occurs in only one other loca- 
tion in North America, in Marin County, California, 
where it was initially intrcduced EW part of a revege- 
tation experiment in 1976. In Marin County, it has 
spread and currently grows at Creekside Park 
Mmh,  Cork Madera Creek, Muzzi Marsh, and 
Greenwood Cove. 

Humboldt Bay cordgrass maintab its higher 
intertidal position in the Marin marshes where it 
occurs with 8. foliosa, demonsbating that its eleva- 
t i o d  range is an autecalogical response rather 
&an a unique situation of Humboldt Bay The in- 
tertidal pasition ofS. densiprn resdts in the bimo- 
dat distribution of pickleweed that has been noted 
by many resewhers, including M a c h n d d  (1979, 
Rogers (1981), Claycomb (11983), and Eicher (1983. 
In salt marshes that form a gradual interface with 
the bay waters, pickleweed dominates the lower 



'j,b&idd ma$ u p p r  hkdidd elevatiom, while 
CO-ms a me% in between (Fig. 3.2). 
&dg?rms becomes less hpp.bt  in Egher deva- 
tion mmhee, where it may be W t e d  by phospbo- 
ms  mewby 1980). 

EnviPonnaend factors that affect salt r nmh  
species distribution include time and duration of 
tidal inundation, soil and water sdixajty, soil aera- 
tion, soil type and development, air and water 
temperature, &ahage pakterns, nutrient a v d -  
ability, water table height, precipitation, and light 
(Chapman 1938; Morgan 1961; A d m s  1963; 
Waits 1967; Phleger 1971; Keefe 1972; Squiers 
1973; Valiela et al. 1975; NestEer 1977; Parrondo 
et al. 1978; GalIagher et d. 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; Claywmb 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 soiI 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 
manshes around I-Iumboldt Bay have been few. 
Eicher (1987) gathered data on the intertidal posi- 
tion of salt marsh s p i e s  at five different bay 
locations predominantly in North Bay; Claycomb 
(1983) and Newton (1989) measured elevational 
data associated with mitigation projects on Eureka 
Slough. 

Piant Associations 
Three to four plant associations have been rec- 

ognized in the Hmboldt Bay salt marshes (Clay- 
comb 1983; Koplin et d. 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 Spartim densifbra make up the 
Spartina type. Both of these associations contain 
few to no other vascular plant species but are 
c o m o d y  entangled with algae such as Entern- 
mopha and Ulva (Fig. 3.4). A variety of small 
gastropods, crustaceans, and polychaek worms 
feed on algal mats. 

$2!~cofin!a 
v,ig~rica 

Spzfiina densiflcra 

Jaumea carnosa 

Triglochin mariilm~m 

Trjgiochin mnci,nnui. 

Spergu!aria caandenxs 

Cor@lanthus mariiinius spp pa1us:r~s P 

Atriplex paiula vai, hasfa!a __g)_ 

Ds!ichlis spicaia - - 
Limonum cali!ornrcum 

plantago mariiima var. juncoides - 
Cuscuta sa1:na 

Grindelia stricia spp blakei 

Spergular~a macroiheca 

Paraphohs spp. --II 

Orihocarpus casiillejoides var. humboldtiensis --II 

Low marsh Middle marsh High mash 

Tidal elevation (m MLL W) 

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 s p i e s  had its peak cover, ae 
assessed within 7.6 cm elevation classes. Broken 
bands indicate sporadic occurrence picher 1981). 

The marshes above the Spartinu stands have 
been lumped (Eicher 1987) or separated into twcs 
associations (Claycomb 1983; Koplin et al. 1984; 
Newton 1987, 1989). Koplin et al. (19%) m g -  
nized a Salbrniu-Jaumea type and a Sa lbmia-  
Distichlis type. The Salicornia-Jculmea type is 
fi oristically diverse and in this respect is sixdar to 
Sari Francisco high marshes (Salicornia-Jaumea- 
I)istichlis in MachnaId 1977). With the exception 
of cordgrass, the salt marsh speeies listed in Ap- 
pendix A attain their highest abundances in this 
vegetation type. The Salicornia-Distichlis type is 
depauperate, containing few if m y  other species, 
and is often found at the highest elevations or in 
hypersaline conditions caused by restricted tidal 
flows and impounding @e~c.&On 1989'). 

%re S p i e s  
In addition to the different plmt a~3swiatioins 

represented in H m b l d t  Bay sa l t  mmhes, there 
me thee rare salt marsh plant species: HmWdt  
Bay owl's clover (Ort FW cerstilkjoides vrur. 
hmbomiens&), Bint %yes bird's EL& (CorcEy- 
h n t k  m a ~ t i n m  ssp. plwth),  and PImbld t  



6&. $4, Nlidlevek tidal salt marsh ehowixlg dense growth of pickleweed surrounding cordgrase, culm. Note algal 
mat in fmgrartnd. 

Bay guamylrznt (Crrimklicr ~t&ra ssp. blahi). The 
OHI'B clover and the gumplant a m  endemic to 
1 3 m ~ b l d t  ktyB while the bird's beak is found from 
h ~ ~ m  Bay, Sari LuL glbisp County, California, to 

h g o n .  AI1 thmm sptwiotr am on the 
Native Runt  List Ib, a list conLak~x 

e w i e ~  w~~cI'I qualify for State Iistixng ram and 
eradm~erod airouglinout their range (California 
Native Rmt Society 1984). 

f 3mbld8,  Bay owl's clover L an m u d  nlemhr 
d the f m d y  Scrz~ptxuBmiamae mid likely employs 
bwbrid mm&iom EM do other owl$ clovers. It 
L &t;imn$uishd by  it^ Wo-ceUBd anthem, purple 
b r a ,  a d  brkht yb& Bowera an a lwge EI~O'WJI 

ephv &ink %yes b i d s  be& L a h  an annual 

empIoy h a w b f i d  eomsct.ions, It is dirr 
by the olblow ahape of its, leaveg md 
ih p q I e  fiawe~. The H u b l d L  Bay p n p I m t  L a 

mc~?nahr of LZle falay Asteramae. It is 
had by f4CI phynwes am3 &&la, 

%& ate-. 
Tfae taxonomy af Point, Nieyes bird$ && is in 

question. Chumg ecnd Rwlrmd (1973) ertpmabd 

it from the; southern California subspecies 6. m. 
maritimus based on geography. An outlying 
population of a Grindelk 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 marahea, where the Saticornia jwrnea and the 
8. &tichiis associatiom are fr-espentiy disturbed 
or have been largely destroyed. The gumplant has 
wider habitat requirements and can be found along 
~ W X W  and dikes adjacent to as well as in sdt 
mmhes. Populations of the two annual specie8 
have been f m d  b fluctuat.~ widely h m  year b 
yew (K~plin et  al. 1984; Newton 1987). The role 
that disturbance pll.tys in the &stributfart of 

species is not clew. Open habiht Prithh a 
salt marsh tends favor germination and g~,&h. 
Therefom, &tub-=, such light trmpling 
&at decreases the cover of pickleweed ~ t h o u t  



BmEsHn a d  Fmshwatsr Mrarshes 

m e  deha t i on  betwen hshwater and brack- 
ish marshes is often not as well deFmed as the 
distinction between salt and brackish marshes. 
%ere ie much overlap, with s p i e s  common ts 
brackish marshe 
ter marshes and 

Brackish marahes form at  the interface between 
the salt masehes and the freshwater marshes, and 
s p i e s  composition slowly changes along the envi- 
ronmental gradients between them. Qualitative 
and quantitative descriptions of brackish and 
hshwater marsh vegetation can be found in Mon- 
roe (1973), Shapiro and Associates, he .  (1980), 
K al. (1984), and Newton (1989). 

plant species common throughout the 
variow brackish marshes are salt rush (Juncus 
ksueurii var. ZesueuriQ, pacific silverweed (Poten- 
tilla egedii ssp. grandis), and water parsley (&- 
mnthe 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 ecotsne between the salt marsh and brack- 
ish marsh con t ab  components of both, often in- 
cluding salt marsh species such as saltgrass and 
tufted hairgrass (Deschampsiu mspitosa), either 
of which can dominate large areas, and brass but- 
tons (Cotulu comnopifolias), which occurs in dis- 
turbed locations. In areas that are inundated well 
into the growing season, three-corner (Scipus 
americanus) or slough sedge (Carex obnupta) 
dominate. Saltmarsh bulrush (Scirpus maritinw) 
a d  large populations of the disputed Lyngby's 
sedge (Cam lyngbyeQ ape most often found in 
remnant sloughs and adjacent depressions that 
receive both tidal and freshwater input. 

Joseelyn (1983) reported that San Francisco 
brackish marshes are dominated by cattails (D- 
pha lutifolia) and Scirpus cecutus. Many Huboldt  
Bay marshes contain T latifolk at the brackish- 
freshwater interface, with large stands being quite 
6onxnon. However, wMe Scirpus a u k s  is found 
in Hmboldt Bay marshes, it does not daminah 
large areas, except in the artiFrcial ponds created 
as part of the Areata marsh project, 

&shwater mmfies often contain s p i e s  8*- 
Iar b rachh  mwahes. One evident change is in 

anL rush species, which changes from 
s d t  nt4h to m m o n  m ~ h  (SUIUTUS ~ @ W S  V B ~ .  

bm-8; MopIin et d.. 19%; Newton 1989). Spe- 
cies that wur in freshwater marshes but not 
brackish marshes include reed canary grass 
( P h l a k  anunclina~e~), willowherb (Epib b b m  
watsonii var. franciscanurn), speedwell (Veronica 
swtellata), bedstraw (Galium trifidum), EPnd mon- 
key flower (Mimulus guttatus ssp. litoralis). 

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

Water parsley, marsh pennywort (Hydr~cotyb 
ranuncubides), floating fern (Azolla filicuko&s), 
duckweed (Lemna spp.), pondweed (Potamcyreton 
spp.), mare's tail (Hippurus ~ulgarts)~ and water 
foxtail (AZopecurus geniculatLls) grow in small 
ponds and relict freshwater sloughs. 

Diked Seasonal and Grazd Wetlands 
By far the largest contributor to the loss of tidal 

wetlands in Humboldt Bay is the diking associated 
with agricultural development (see Fig. 2.4). 
these grazed seasonal wetlands afford 
tat to waterfowl, their plant associations are 
largely dominated by htmdueed grass species, 
with few species unique to brackish and h s h w a -  
ter wetland systems. Most of the area eursently 
converted to agricultwd land was reclaimed be- 
tween 1880 and 1910. T h e  salt marsh habitat is 
permanently altered by these activities, resulting 
in dramatically different species composition. Sdt 
marsh species remain only along relict sloughs, 
tidally influenced drainages, and isolated hmr- 
saline ponds. Quantitative vegetation zinalysis of 
the grazed seasonal wetlands can be found in Kop- 
1;1 et d. (1984) and lkvton (1989). 

The agricultural are dominated by in& 
duced grass species such as velvet grass (Hob 
lanatus), annual bluegrass (Poa annrta), plpernnid 
and m u d  ryegrass G d h m  ~ F * Z ~ U E ~  snd L. mul- 

(AnthmtheLm d r n b m ) ,  
nuis and A. stobnifem), OF- 

glornemta), madow fern8 
(~estwxx a n t d ~ ~ ~ ,  ~4 Cronne (Bmmw nt5ern), 
and bland0 brome [Bmrnus mollis). Other herb- 
m ~ s  species ~ m o d 3 p  agswl 



m o@inak), ~mruziwf trefoil (LuW 
w, m d  curly de~k (Rumex C + ~ U S ) .  

on elovem tsm m p l n g  whih clovw (%f@ 
litkm m p m )  srnd cow's clover (T worm.skioWQ. 

d&t;hin Lbrs p m t w  o h n  stuppsrt, d ~ m  
of w-on m h .  In the ~ h d l o w  fmhwaler 

ear or depseseiom, rush (Jw 
(Eh)rar$e macmkzchya, and oc- 

m i o d 1 y  B k l l a  m d  6 wicukzris), water fad, 
and pmif~c silvern& kiomninal;o. 

Wflbw S m m p  and IZiparh W d l a n d s  
Two major of riparian habitat, willow 

xxd. Mom almific inlor- 

Mar%- (1973), Shupira~ axxd Aruutciattse, Ine. (19;)80), 
Krsplixn et J. (I%%), mxd Nuwtorx (I (989). 

Iiiparian wmUwxrtl occur irr m a s  that m ~ ? i v c *  
pmru~a1 to anz~uaf f m h  wahr;  the?rofow, the, 
rogmiaa ccrxlrpcrwit,iox> is mom closely Iixlknd to fserrh- 
water m~rurr~fraa tlxan lo brackish marshoa. h r r x -  
nmb of thaw wocNflanc98, wcur at t i la brrsc of 
corrihr fomrrta, of what was hisbricafiy famtpt, 
amu~d the w~hnc?fk*r of the bay. The dunlir~axit 
trim rawiebt a m  md alder ( A l n u ~  orego~zn) mid 
wiltlow (Salk kmimdrrr), which cwn at.taix1 Iacigf~tEl 
of $0 m. ?kt, t rndereb~r  can be open, ueuelly from 

The sZrnrZ1 layer ira uautrlBy wnr 
egw im  shsdrur to thorn of the a w r n p ~ :  tmd the 
kwb-w layer caxabkm @ p i e 6  elnxilur to 1 3 - 1 t x ~  
dhbwatazr axmhm. 1x1 additior~. the ~ h m b  laver 
ltmsudly r n t ~ k i ~ a  enlrraon Exmy (Ihfrus;  spcc.tubilis), 
e w w &  b ~ ~ a d a  (RFmr~a nus purshinna), and elder- 
hm (Sanr h . u a  tvllSclIv). ' f i e  horbaetaous layer, 
wfricfa Ea ~fir:*xi over 2 m in lataight, ix~cludes ~kurdc 
pr~i~btx~ (Ly~iCEtorz a m e i d m w  m), slotigh Jgo, 
wabr wmby, w ~ & m n ? ~ s  (NclstufitUm ~ffieir~fik), 
chain fern [ W d u ~ a d i s ~  fimbritxtn), lady fern 
{Athysirsm f i lk-f~rnitzc~),  smdi-seded aedp,  and 

w w  (GZyerta & l k & ) .  

h walrt~ n~amhes m d  tn 
dtim hoUaw5. The wm1orn s w i e s  ftre d u e  
d l ~ w  (&I& pipn? sind IImLer's willow (hSalkt. 
h h  *tf\* ~%ic)rrnk I-IY&IO (&f~n'm 
mlifi m a c e   but T m in Exeight. 'fie un- 
dem&crsy it) mwt o b n  relaP*?d to &e adja~qxxt bere 

marsh. G m o x J y  ~saol3iaM we Mack- 

bny and llirnalaya beany (Rubus vitifolius m d  R. 
p m n r s ) ,  slough Bedge, salt mflf, mxnmon rush, 
m d  eaW. 

bed is an important marine habitat 
bps in M d 1 d t  Bay 
csa;bShave 1,221 ha 
in Arata  Bay and 7 
and Butler 1979). In total, eelgrme be& amount for 
a b u t  W/o of the intertidal habitat of the bay. 
F~lgraas b*& in Arcata Bay me not as dense as 
thoee of South Bay, a f a d  apparenay d a t e d  to the 

for oystere on c o m e r e i d  in Arcata 
b y  waddell 1%)). Eelpass is char8cteristically 
fotmd new the level of mean low water in Wumboldt 
b y ,  and i t  exerts an importmzt influermce on the 
mciirnentsry regime, distribution of i n f a d  or- 
gfu&m, Rnd w m n m  of fiih and birds. 

fJlril1ipe (1984) included Mumbaldt Bay ~1e;rws 
flab in hi8 orzmprehenaive discussion of eelgram 
xnuadows of the PftciFlc Northwest of the United 
Stabs. E Ie rr.cognizc;.d I furrzboldt Bay as having one 
of the thee lurgast atan& of eelgrass in the region 
(the oklx~r two wem I-ttdilfa Bay in northern Wmh- 
i x w n  m ~ d  the Willapa Bay-Grays X-farbor area in 
soutt~weshrxl W w h w n ) .  The features of the eel- 
g ra~s  W s  at  E I m b l d t  Bay are unique. 

Eelgrme at EIuxnIwldt Bay jgmws in muddy to 
silty sediments and has a s i ~ ~ c a n t  influence on 
the wdinrenltrry regime in parta of the bay where 
w d h  is  luxx~riant. The wdiments in the beds are 
very firw OThoxnpsoxl 1971), p&icularlg in South 
Bay: n s & ~  it difficult to sample idaunal and 
t*pifrtunal nrgunisrxis except from ha t s .  

hfarsh rt)-~tL)ratiol1~?3 mitigation for wetland de- 
stnrt-tion i s  becorning iirlcreasingly commoxx in Cali- 
fornia and ort XI~lrnhldt Bay Of the monitored 
wetImxd reshrution projecls on EIumboldt Bay 
(Kopiin ct aI. 1974; Miner and h.foon? 1980-87; 
Stopher et d. 1981; Bme 1982; Claycomb 1983; 
Gearheart 1983; Jacobson 1984; Newton 19891, 
mwt have been left to revegetate naturally. The 
common trend is for the area to experience a dra- 
matic die-off of the previously darninant species, 
followed by increased impo-ce of oplportmii~tic 
exotic halophg*~, such as fat hen (.4triplex patula 
Esep. j^aaslnb), sicfcleewiss (Pamphlis i m m a  and 
f7 sf+a}, b~ta%s buttons, and rabbitfsst grass 

WJ PE momprlkmu). Bver t h e ,  the appro- 



Table 3.1, Marsh msbrntkn pr'ojech on H u m b m  &y 

~mj=t 
Elk River 1932 

Wiedtide Area 

S e n d  Slough 1986 

%sent status Monitoring repork 

9.5 Old log pond with sonre 
b vegetatjon 

20 Wetland with restricted 
tidal flow and high 
areas 

175 Largely inhrticEal mudflat 

Saltwater marsh Claycomb 1983 
Ckberlrain 194x3 

Inmasing domimmee Stopher et al. 1981 
by Salieornia Miner and Moore 1988-87 

Base 1982 
Freshwater ponds Gearheart 1983 

1% Grazed seasonal wetlands* Seasonal fjteshwater Koplin et d. 1984 
brackish marsh, uplands, wetlands, tidal Chrisney 1988 
and riparian marsh riparian, Newton 1989 

and uplands 
6 Filled tidal wetland Open area and salt None f o d  

rxmn3h 
1 Salt marsh and upland Salt marsh Newton 1989 

bem 

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 factora need to be consid- 
ered, including vegetational s t r u m  and wmpo- 
sition, soil conditions, invertebrate populations, 
and bird and mamrnal usage. Table 3.1 summarizes 
the data from the Humboldt Bay restoration and 
mitigation projeds. 

Invertebrates 

Xnue~ebrates of Marshes 

Both the diversity and biomass of benthic inver- 
tebrates in the marshes of Hurnboldt Bay are rela- 
tively low (Appendix B). The abundant plant cover 
present in the marsh is in a state relatively ined- 
ible by benthic invertebrates, which are deposit 
feeders and grazers of mimdgae on the surface of 
the marsh. M a c h a l d  (1967,1969a, 1969b) sazn- 
pled invertebrates in a number of s& marshes 
along the Pracific coast of North America, excluding 
inseds. Garneron (1972) and Lane (1969) used 
different methods ta sample insects in marshes at  
San Fraacieco Ba& but insects of Huboldt  Bay 
salt marshes have been sampled only in a prelimi- 
nary manner (aoyd 1982). probably use 
nore marsh plant production than benthic hver- 
tebrates do, but even so, only a small part of the 
plant production is Xy ~01~9umed (Teal 1962; 
Cmemn 1972). 

Benthic invertebrate populations in marshes are 
dominated by gastropods, crustaceans, and ply- 
chaetes. Species are present year-round and fluctu- 
ate little in abundance seasonally @oyd 1982). The 
gastropods Assiminea californicnz and Chatella 
myosotis are camonly encountered within the 
marsh, and Alderia moclesta is found on the fringes 
of marshes at Humboldt Bay. Considerably less 
abundant at Humboldt Bay is the gastropod Lit- 
torina newcambium, a species re 
common in salt marshes of Qrego 
1977). Four i n f a d  polychaete 
in the topmost sediments of the low marsh and at 
midrange elevations-Eteone californica, Streblos- 
pw benedicti, Polydom l&i, and Pseu&opEydom: 
kernpi-and all probably deposit micdara  feeders 
or grazers on the inundate surface of marsh sedi- 
ments. Crustaeeaas in the .marshes are a lnixture 
of those with greater affinities to the adjacent up- 
lands and species that are more typically found on 
the upper mudflats of the bay ArrnacEi.tbnis~~~~ 
comnaapitalk, Porcellio sp, and Littomphihcia 
richudsonae are three isopod s p i e s  h n r  the up- 
lands that have been found irn the marshes. Gnori- 
mosphaemma oregonemis, hkoga.rnmam con- 
ferublus, and Gosophiurn spinicsme are 
cmtaeean species more charackristic of high irn- 
tertidd mudflats adjacent ts the marshers, M y  the 
mpEp.dn Orehestia t m k m  reaches its greatest 
abuncfmce in rn 
habitats. In 0 t h  

green shore cr 
~uently b m w a  into th 



but  only occasionally lives in Humboldt Bay 
naanihee. The pa thm of 6 ~ i f . a  cra:urrenceB mong  
the benthic inveitabrab supports the concept of 
tht! marsh se a t rami t iod  environment between 
the uplande around the bay, and the tidally emer- 
gent mudflats tbat form much of Humbo1dt Bay 

The hpo- of the naeughee in the b p h i c  
mnomy ofthe bay is not well understood. A variety 
of birds find mfuga in the maraherc at  high tidea 
(Springer 1983, but many species feed on intertidal 
flats during low tides as well. Fish are known to 
move onto the flcxded marshes at high tide, but the 
imp- of activitia there has been 
difficult to W ~ B B  (Chamberlain 1988). The major 
contribution of the marah- to the trophic ewnomy 
of the bay is the export of detritai plant material. 
U l J o r t ~ t e l y ,  the sifl;canct3 of this detrital ex- 
port ier difficdt to eetimak. The plant material is 
fmt subjected to microbial d m m p i t i o n  and be- 
coma available b pobntid consulmerrs in the form 
of dilahlolved organic carbon (DQC), and smaller 
p d c b s  of p1ax1t mahrial that w7t3 colonized by 
h c b r i a ,  Sttdimentr, of the adjacent mudflak are 
rich in organic mabrid, mma of it originating in 
tha marr~hw. This organic matter is certainly sig- 

iding food to the deposit- and sus- 
tu~inmls on and in the mudnat 

drtocfrtebrates of Intertidal Sand and 
Mud Flats 

Tfnc physicd er~virorunerrt of the bay exerts a 
pmf~uxld impact on the plank and &da that 
wc11py tho irnbrtidd babilob. 'Ille bay covers a 
large enowh m a  (62.4 km2; Proctor et al. 1980) to 
present a diversity of txabitat Lypea, from those that 
art:+ whoUy mcwine in salinity oonditiom to others 

are typicrxlly estuarhe for a significant period 
of t h e  each year. The a?dimentw en~rolunent is 
eMlnr ly  diverse, with a general p a t h 1  of mar8cf 
san& kad shell frapnents in the entrance area of 
the bw3.; madi~ng h%l1 xxort.h and south into finer 
su_a1&8 mad then nwds (with vwioua percentages of 
~gidld), and f d l y  siit.s h tlm upper reaches of both 
,%uth. Bay and h a t a  Bay fpghompson 1971). R e  

ty .re+e also exerts a profound effect on the 
at, survivd, m d  growth of benthic inver- 

%brahe. 't%e complex p a t t ~ m ~  of specie& ddistribu- 
tian within Hutplbldt Bay is thus the awdt of 
many factors, the m o ~ l  rsi&cmt cf w&eh 
relative d height (wudEy expressed in m- 

the 0.0 tidal dntrann), when* 

s b d -  of the substrah that Eve an or 

in, s e a s o d  sah.ity m&e. TWO major inter- 
tidal habitat types exposed on a daily bash are && 
intertidal flats from appmxintakly 2.15 m ta 1.16 
m above MLLW, and low intertidal flab. from 45 cm 
to 116 an below MLLW. 

High Intertidal Flats 

~rimary producers on the surface of the high 
flab are a variety of mim8~0pic and m a m p i c  
dgae (see Appendix A). Relatively little is known 
&out 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 rire always rich in these 
microscopic forms, but relative abundmces of the 
particular species involved have not been deter- 
mined. The two major species of macrosopie algae 
present are Enteromorpha intestinalis and Ulva 
sp,, with Fuau &tichus 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 stx>eka are observed dwing the summer 
and early fall, usually declining rapidly with the 
onset of winter stclrm~ in late fall or early winter. 
The pmdominantly northwesterly winds accompa- 
nying them s t o m  p d u c e  wave turbulence in 
surface waters that dislodge the algae and trans- 
port plant material to other bay locatiom or to 
nearshore habitats outside the bay. Ln these various 
sites, the mawalgae become part of the detritus 
foodweb of the bay and nearshore waters. 

PoIychaetes, crzlstaceana, and mollusks are the 
significant invertebrates of the high intertidal 
flats. A large number of fish 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- 
tebrab predahrs, suggesting that the secondary 
(animal) production of the flats is relatively high. 
Just below the h e  of salt marsh vegetation, the 
b~rrows of both small and larger invertebrates are 
apparent in examining the surface of the mudflat. 
Gomplex, deep b m w s  of ghost s e p  (Calli- 
anassa gigas, with only an occasional C. califomi- 
emis) we f a d  on the high flab at many Ioeatio~~ 
in btkt hats Bay and South Bay. These animals 

mlatively long-lived a d ,  once the addts have 
dug their deep burr~ws,  secure from pre- 
dation. Much mom abundant e m d e r  crustaww 



me fowd on &he surfam ofthe flab mmiai;ad with 
mawaigae, % i n k  refuge under debris, m d  in 
shdow, h p n r z m e n t  b m w s  a t  the s d a m  of 
tihe flats, Fish fwd on these crustace 
high tides @wle 1978) and shorebirds 
w m m e  them at low tide (Canirr 1973). 

The most abundant organisms of the high flats 
me a variety of polychaetes that tend to be distsib- 
uted widely in the bay. Some difTerences in poly- 
chaete abundance are determined by seammil sa- 
linity regimes near creeks that enter the bay. 

haetes reproduce annually, seldom 
of mom than a few centimeters, and 

a m  probably fairly short-lived @ales 1967). Ca- 
pitellids, spionids, and syllids are the most abun- 
dant species encountered (Appendix B). Under 
conditions of varying salinity, oligmhaetes can also 
be somewhat abundant. Toole (1978) found that 
juvenile English sole fed on capitellid polychaetes 
as an increacring: percentage of their diets during 
the fmt year of growth in Hurnboldt Bay. Shore- 
birds are also undoubtedly significant predatom of 
these high intertidal polychaete species (Camin 
1973), but quantitative or experimental data to 
demonstrate the relative importance of these 
worms in shorebird diets are lacking. 

The small bivalve Transennelkr tantilla is abun- 
dant on the high mudfiats. 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 
masionally found on the high flats but is typically 
more abundant on lower intertidal flats. The small 
grazing gasbpo8 AMeria modesta feeds on the 
macroalgae or xnicmalgae on the surface of the 
flab, particularly near marsh vegetation. In areas 
where creek enter both Arcata Bay and South 
Bay, and when estuarine conditions prevail at least 
seasonally, Mya arenaria can be abundant on the 
higher flats. fiecruitment to these populations has 
been sporadic when studied elsewhere (Warwick 
and Price 1975) and s e e m  to follow a similar 
sporadic recruitment pattern at  locations in Hum- 
boldt Bay (Sirnel 1980). In the estuarine areas of 
the bay, the small bivalve Mamma balthiea o c c w  
and can be locally abundant. 

Barnacles (Balanus glandula, Ghthurnalus 
dalli), algae (W distichus, Entemrnsqha intes- 
tinalis), and the native oyster Qstrea lurida colo- 
nize emerpnd rocks, logs, and. small bih of deblirs 
on the high flats. The overall i r n p b c e  of these 
s d  patxhes of solid substrate to the overall econ- 
omy of the bay ia probably &or. 

Law hB63rtiM Flats 

?"he &wader of the fauna and flora of the mud 
and s a n a a h  in the bay changes at a b u t  91 em to 

There is considerably less 
low tides at  these elevations, and 

unal organism increases 
considerably. Many species that occur to -61 cm in 
the lower intertidal and subtidal sediments of the 
bay f i t  occur on low intertidal flats. Many plant 
and invertebrate s p i e s  occur on these flats (see 
Appendix B). 

The sedimentary environment in different parta 
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 b low the sedi- 
ment surfaoe. The animals living in sediments must 
pessess appropriate behavioral or physiological adap 
tations to withstand these anoxic conditions. These 
adaptations can involve burrows that open to the 
surface (e.g., U m b i a  p ~ t t e m r b ;  Pis& pacij'ku, 
Urnhis oaupo), feeding structures that have a dual 
function in respiration (phoronids, pedhwid poly- 
chaetes), or s p c i a b d  respiratory pigmenta (several 
mollusks and plychaete worn). 

Sandy substrates a t  low intertidal levels in the 
central. portion of the bay contain a rich fauna 
dominated by mollusk;e and polychaetes. 
any low tides of zero or lower, these areas of 
are visited by many people in search of edible clams; 
they most commonly take gaper cXsuns (Tresw ea- 
rn, occasionally I: nuttallii), Washington clams 
(Saxidomus wttalli, S. gigantem& littleneck clanna 
(Protothaca staminea), and cockles (Clinocarr;Eir/m 
nuttalliq. Trvsus spp. are more common in sandy 
substrates, and SantcEomus spp. in muddier sands, 
but there is no clear demarcation line between the 
two. A wide variety of smaller bivalves (includmg 
several tellinids) also occurs at low irnLer&idd levels, 
The siphons of these smaller bivalves can form a 
sigxliffcmt; wmponent in the diets ofhFmi91 f e c b g  
f ~ h  (hllins 1978; Tmle 1973)- 

of these substrate5 are 
in the diets of T i h  m d  



ahombirdgl. Both smdy and muddy substratcts con- 
tslin large nerei& that many who fiah on the bay 
uae as bait W e s  pfychaaelea- capibflih, eir- 
raU&, spionids, terebellide, and owed&-- are 
smaller in sim but often number up to several 
thouan& per square meter, depending on the part 
of the bay where samples are taken (Boyd et d. 
1975; Boot and Diebsl1982). 

diavertelrmW af Eekrmss Beds 
Phillip (1984) indicated a lack of defuritive 

infomation h u t  distinctive assernblws of in- 
faun81 species in aedimenta of eelgrass beds. Un- 
published inveetigatiom of infaunal organisms in 
migrass be& a t  I-fumboldt Bay and a survey of the 
literature suggest that eelgrass eedimenb do not 
usualily contain unique ~smmblagoa of infaunal 
o r g d m .  The aedinzanb do contain a rich fauna 
af mollusb m d  potychaebs &at flourish in this 
biotop. The polychaehs are mostly depoeit feed- 
em, euggestslg that they feed on decaying vegeta- 
tion and rrts rieh in orgtunic matter. The 
molluak;hl y also benefit from the dissolved 
organic carbon released from eelgrass blades, 
roots, m d  algal epiphws (Iljnillips 19%). 

Tbts animals and plnnts found on eelgrasa 
bladela mpresent a distinctive asmmblage of or- 
gm&ma. Dykhauw (1976) found that five ~pacies 
of hv-bra&@ w w  dominant occupiers of blade 
spam an w l p w  in South Bay: the llydrozoana 
Obelia lar4gissima and TLbularin marina, the 
bmomara Plippthaa hyalina, and the colonial as- 
cidiancr B p h a m a  rnmhmtdi and ht~ylloi ides 
sp, None erf Wlslre s p i w  iB restricted ta eolgraes 
bladw in Humhldt Bay, but ppuiatione flourish 
aoetsonaPly on the blades. The aplysid gmtropod 
PjriyltapEy8li.E tnyloP"i is highly adapted in coloration 
tmd mowhaloa for gmwt11 and sunrival on eel- 
Erma blirade~. The larvae undergo direct develop- 
ment (Bri&a 1975) and begix1 braursa  on tile 
~urftT~m of w l p w  blades as juveniles. TIxi.9 is 
p%~j~raw the a d y  s p i e s  in athe bay &cat can be said 
to depnd exclusively on wIp&~~il blade8 aa a habi- 
kt, alaongh even in this sp~cies i n d i ~ d u d  ani- 
m& a~t3 ~ l ~ l ~ n e t h e s  found on other subebates. The 
rslatiopishipr h t w m n  WI&PW and its epiphytes iR 
facultative isn Xiwbldr t  Bay, but populations 

nr the Made8 aare certdnly much in- 

earshore waters. 

Q. Other cmb species, various 8 

pods, nudibrancb, brittle stars, nenaedeans, flat- 
w o r n ,  eea cucumbers, snails, and f la t f iha  are 
also mnarnonly found in eelgrasa bede of the bay 

Invertebrates of Subtiah2 Marine 
fibituts 

The eubtidal channels in the central part of 
H[umboldt Bay were sampled in 1974 before a 
major dredging operation (Boyd et al. 1975) and 
again in 1980 (l3ott and DiebeI 1982) to determine 
the nature of recolonization of sedimentrr after 

. Little is known about the fauna of shal- 
low, irregularly dredged channels in South Bay 
and Arcata Bay. Thompson (1971) describd the 
wdhentu 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- 
d aasernblages. 

Boyd et d. (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 
statiom, &>Le and Diebe1 (1982) revisited 58 sta- 
tiom in the same area and enumerated 188 species 
of benthic jnvertsbrates. In both surveys, polychae- 
tes dominated the fauna, fofiowed by mollusks and 
crustaceans. These three groups accounted for ap- 
pmximately W / o  of the species present in 1974 and 
1980. Fblyehaetes were the most numerous, ac- 
counL'hg far 49% of al l  species collected in 1974 and 
EXYO of dl species taken in 1930. MoUusks ac- 
m m h d  for 19% of the species in 1974 and 219'0 of 
the species in 1980. About 22% of the species taken 
in 1974 were crustaceans, but this p u p  decEned 
slightly to I@% of the species in 1980. Benthic 
o r g d m s  were classified as "characteristic" of the 
sampled m a  if they occurred at 50% or more of the 
smpKed stations. There were nine polychaete SF- 

cie~, six molluk species, two nemertean species, 
a phoronid that fit this criterion in both the 

1914 and 1980 smpi% periods (Table 3.2). The 
p-enm and abundm~e of -&we and several other 
species wUwbd h inboth surveys bdicate~ that the 
f a u  eomposikim of benthic subtidal assernblagea 



Table 3.2. Chra:m&&tk s p c k s  @akn at >5@? sfshtioas sampw} in knthk subtid6el habihts of the 
antml podkn of H u m h m  Bay in 2974 and 2980 (Boyd et al. 1975; Batt and Diebel1982). 

F h l y  f 974 1 W  

Crustaceans 

Mollusks 

hmbrineris tetmm 
Lysilla labiataa 
M&nastus culifimiensisa 
Owen& co2lariaa 
Phloe tubemla& 
Platymreis bioanal&htaa 
Iblydom eocialisa 
Spwphanes b o m b a  
Spwphanes berkelqorurn 

Cmngon nign'rmuda 
Diastylis s p .  
Earnprvps s p .  
Photis brevipea 
Pmtomedia nr. articulatu 
Ritella pilimana 

A&h diege128isa 
Clinooollrrlium nuttalliia 
Lyonsia culifonioa 
Mamma inquinata 
Myselh turnidaa 
Pmtothaoa staminaaa 
Sazidornw s p .  
Thmennelh  tuntilla8 
TreSu8wpaxa 

Anursana axidentalis 
Eumidia bifolkta 
Emgone loumi 
Glycinde polygnathaa 
Haphcobplos eIongatuaa 
Lysilla labiatua 
Mediomastua culiforniensisa 
Nep* wsooides 
Qphelia crssimilk 
Owenia mE&risa 
Phloe tuberculataa 
Phtyner& biau2alialataa 
Iblydorn &lisa 
Sphaermyllia califbrniensis 
Spwphanes bombyxa 
Tharyx moniluris 
Tharyx multifilis 

None 

Adula isa 
Alwinia mntpactu 
Clinooa&m nuttalliia 
Mysella tumidaa 
Pmtothaar stamineua 
Tmnsenmlla tantillaa 
TreSus aapauea 

Phoronids Phoronopsis wiridisa Phomrwpsis wiridiaa 

Species found in >55% of samples in both 1974 and 1980. 

in the bay i~ relatively constant, even foliowing 
s iga i f~~a~ l t  disturbances. There were some s q r i s -  

in the 1988 sup'vex however. In that 
tacean species were found at 500h or 

more of the sampled &tiom, whereas six relatively 
motile crustacean species had been characteristic 
of the sampled stations in 1974. Mthough these 
motile species appear to be able to move freely over 
subtidal substrates and quickly mIon ize  exposed 
t~edirnent surfaces, this apparently had not w- 

h u g b u t  the area stunpled. The six m- 
hean species c h a r a c t a ~ t k  of all samples in I974 

were wU&d again in I980 but were more spo- 
radic in occurrence. could reflect s m p w  
error (passible), irzs*eient t h e  for gusbm 

s p i e s  to fully re.wmpy dredged careas ( d h l y ) ,  
or greater habitat hetemgeneiw &an had been 



motile and rpeldive ma*- indica& &at a 
major c had 0 0 ~ ~ .  The mtacsan and 
go1Iychmb &tribution patterns indicate the exkt- 
s m  of mom rscrtsictd and hetemgeneoue sedi- 
ment types. 

A signscant change in the f a d  compit ion 
of &e h & e d  channels was the increased abun- 
dance of the jmlychaste Outenicr collaris. This sp- 
eies was present throughout the study area in 
1914, but acccrmted for over half the number of 
individual 4 s  oollectad a t  all stationa in 
1980. Apparently, Owenia was able to recoionize 
the newly dredged areas of the channels with a 
high degree of success, bsco&g the numerically 
dominant species throughout the m a .  

In boa 1974 and 1980, the distribution of ben- 
thic animals was related t . ~  the sediment compo- 
sition in the central part of the bay. In general, 
"clean sands" with little or no silt premnt con- 
tained a apecies-poor assemblage with the p l y -  
chaets Gly~em oryctzphala, the bivalve IE.llina 
atecubidas, and the sand dollar Denclmter e m -  
trmirws in both sampling perioda. In 1974, two other 
po)iychaeta spsciee, Bpklia assinilk and Spio- 
plwmg bombyx, were alao present in the assem- 
blage, It  seems unlikely that the characbr of the 
a sdhen t  itself determinee the fauna contained, 
but ratiker, that the sediment composition and the 
fauna a m  both raspanding to some other deter- 
mtning faelor, prabably the speed of water move- 
ment over the bottom. Water cunrents of relativeliy 
high e& transport smaller sediment particles 
away fmm heavier sand particles, and also re- 
quire that sessile animals possess adaplatiom 
Lbat allow them to remain in place. Sand dollars 
~ m r r s  adaptatiom that allow individuals to re- 
m ~ n  stably ~ i t i o n e d  in fairly dynamic benthic 
Xrzlbihb (Chis 1973), and TeZlina n w l o k k s  occu- 
pies shb-zllow inrrhom habitat not subject tx, direct 
fome of b t b m  currents. The p~lychaete Glycem 
q m p b k . I ,  is anore difficult to characterize in re- 
lation to b t b  currenta and the sedimentary 

MorphslogcdXy, the pmboecidial organ 
wodd euggest a predatorgr life style, with smdl 
c m h c e u  m d  other smdl pfychaehs as prey. 
Mbernretivaty, the, s p i e s  could be a deposit feeder? 
but the lack of much organic matter in the sands 

t: that eonclusiorm. 
"S$s speciee-poor assemblage was Eamd ia 1974 

a d  1980 off the soufiweebm tip of l~ldi~rn Ieland 
at the confluence of the S m o a  m d  E w k a  &an- 
EX&. h o & e r  ~ p i e s - ~ r  area lies betwen the 
No& Spit and the Elk Ever  Spit, where North 

Bay Channel ils n m w l y  eoa$med as  it jokm En- 
trance Bay (Fig. L1). In both ident27ed asl 
species poor in 1974, actiuiities in 197'7- 
78 appear to have res he expansion of the 
assemblage (Fig. 1.1). The species-pisor area be- 
tween North Spit and Elk River Spit wa.s sign%- 
cantly larger in 1980 than it had been in 1974, and 
the area to the southwest of Indian Island had also 
Lacreased in size following dredging. 

Other areas in the central part of the bay have 
been charaderized as spies-rich or of mixed fau- 
nal compition. These areas had more silt present 
in nts, or are missed wdiments with various 
amounts of silt, gravel, and biogenous matefid. 
The species-rich assemblage contains more species 
and a greater abundance of organisms at each 
station. Polychaetea and mollluska mble 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 t h i ~  assemblage. These strategies suggest mod- 
erate to elow-moving carrents 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 intxrest to extend 
investigations of benthic assemblages into the less 
frequently disturbed shallow channels of Arcata 
Bay and South Bay. It is known that commercially 
irnportrtnt fish species move into these channels 
W i b o  1970) and probably feed there poole 
1970). It is not known if the faunal assemblages of 
the shallow channels are similar to those found in 
the doeper channels of the central bay. Maintain- 
ing the conditions necessary to support abundant 
populatiom of benthic invertebrates is directly 
related to the continuation of commercial fisheries 
for English sole and speckled sanddabs. 

Markulture and htrodumd Species 

A number of attempts have been made over the 
past wntury to i n M u c e  potentially valuable in- 
vertebrates into H m b E d t  Bay The mast notable 
suceess has been the introduction of FacZk oysters 
(CrassmCrra gigas)? grown most extensively on 
beds in k , , a t a  Bay A number of other InWuced 
s p i e s  failed ta flotlsisrh on a eommescid basis 
(e.g., the Atiantic oyster Crassostrea virgin& and 
the Atlantic quahog, Memenafzu nemnaria). 
WitfB the introdu-d species have come a variety of 



&though the aptxiera with which 
were k w u m d  have had &s be xn 

ciw a m  not nearly 
they are in other 
because h e  estuarine conditions prevail in ody a 
part of the bay during above-normal runoff peri- 
&. San Francisco Bay in particular has come ta 
support a veritable potpourri of introduced estu- 
arine speeies from around the world as a result of 
the more extensive estuarine conditions, the corn- 
mercial shipping entering the bay from all over the 
world, and numerous attempts at  cul 
species, The invertebrate fauna there 
nated by non-native species (Carlton 1979). In 
contrast, relatively few exotic species have become 
su~~essfully 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 s m d  tray culture and 
suspended lantern net operation in Mad River 
Slough, but that fmhery 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 wnsequent 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 clarns, Prototham sta- 
minea) also flourish in the oyster beds, but the 
biological character of Arcata Bay has obviously 
been modified by oyster-culturing activities. 

The softshell clam (MyQ: arenaria) has been no- 
tably successful in estuarine a r e a  of Bay 
and in a s m d  m a  of South Bay near Whites 
Slough. It is not known whether this s p i e s  was 
intentionally intrsduced or accompanied the intro- 
duction of some other species. It was often the 
practice in the late nineteenth and em-1,y twentieth 
centuries Lo pack seed cultch bearing young oysters 
in algae h m  the source area, and this apparenQy 

d f ~ r  the inMu&ion of m y  incidental 
sp i e s ,  9otltshelB cl possibly among thern. Soft- 
shells are relatively abundant in Mad River Slough 
md along the northern intertidal of h a t a  
Bay. The s p i e s  is able to reproduce in the bay 
(Simel1980) 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 
eeosyskm. The snail Quatella myosotis, found in 
salt marshes, is of Atlantic coastal origin. Pilings in 
the bay are eventually riddled by gribblee, the 
Atlantic boring isopods Limnoria tripumtata and 
L qdripunctata. The polychaetee Pseudoply- 
dom kempi and Strebhpio be&ti were probably 
introduced to the bay Although the Humboldt Bay 
fauna has not been greatly modified by these in- 
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 6, 
modified from Gotshd et al. (19801, and Shapiro 
and Associates, Inc. (1980), lists 110 s p i e s  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 ( W k i s  semifmciata), and the sevengill 
shark (Notorynchus maculutus). These sh& in- 
habit the deep tidal channels at  low tide, but s ' 

into small channels and over the mudflats t~ 
at high tide. Sharks are most numerous in the bay 
during the summer months. The bay supports a 
minor commercial fishery for the sevengill anhi leop 
ard sharks, which are caught by hook and line and 
in drift giu nets. These sharks 
and some s p &  anglers speci 
fishing. The Eureka office of the California Marine 
Advisory Extension Service &tribuks a b m h m  
on shark angling in HmboIdt Bay. Shark are 
high-level carnivores, but moat specis are om- 
nivorous (Shagiro and Asswiahs, Im. H988), 
Smaller inshore sp&es (i,e., the b m m  smooth- 
hound and leopard shark] feed lmgely 0x1 crush- 
mans and mollusks. 



. HumtoOEdt Bay oyabr ooaapaniw 
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IW). Subudizlt and adult herring in 

gpc'EmbS appm b kw O I ~  
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1. %em f i ~ h  rn imxrw*tt cns f w d  
for &her fmh m d  in WPODIEA y e m  m A 0 ~  

Fig, 3.5. Eelgrass and Pacific herring apawning 
&&buljana in Arc& Bay during the winbm of 
1874-76 and lW6-76 (hm Rabin and B* 
1W). 

rschooia apparently attract salmon into tha bay, 
a aalrnon sport fishery ( M o m  1973; 

W m e r  1982)" 
Them is a live-bait fishery far northern anchovy 

by aibacore (113ucnnus alalunga) fishermen in 
X3mbldd Bay, with a quota of 13.6 t and a season 
of Qepbmbr  1 - b r  1. The number of alba- 
wm-bdt bats that fwh the bay varies camidor- 
ably h n a  year to year. 

Misikno and PI;hra (1969) examined the stom- 
ach a n b n t s  of honing and anchovy from Hum- 
b ld t  Bay. Anchovy fed Iaqply on benthic cope- 
podis, other benthic crustaceanrr, and diatom (69% 
of ths bta3 diet), whereas herring fed predomi- 
m1ay on plagic cope+ (69% of the total diet). 

Salmons and; Tmuts 

Chinook safmorl (Oncorhyncus tshawytscha), 
who salmon (0. kkufch), rainbow trout (0. myk- 
iss), arrd cutttbat b u t  (0. chrki) are madro- 
nmw species that enter HumboIdt Bay tsibutaries 
ae adufi;a ta spawn. The most i m p o h t  fzibutary 
atsemm are Jacoby Creek rtnd Fwhwaier Creek 
in k a h  Bay, Elk Wver in Entrance Bay, and 
S h s n  C m k  in Sou& Bay. Several bay h-ibutar- 
ies suppart rr?~xmt\nL resident populatiom of cut- 



t,,$*b.oat trout. Bay tributwias hisbrically sup- 
p*d lmger p g d a ~ o m  of m~~f.c%rurno~@~ fish that 
eonkibuhd simficmtly to a bay fisheny, but 
sham-habitat degadation has severely l w k d  
these populaticane (Monroe 1973). Young sd- 
rmoaricb, &r spending v 
fresh water, migrate into 
ahld malure, H n b l d t  Bay grovide~ a numry 
m a  for juveaile salnxonida (Monroe 1973). 

Since 19% the Hmbaldt Fish Action CouncF1, a 
citizem' action group, has worked with the Galifor- 
nia Department of Fish and Game, Humboldt 
Cowty, the California Conservation Corps, and the 
Facif~c Lumber Cowany on a number of salmon 
and steelhead maring and st.ockhg pmgrams to 
restore fish populatio11~ in the E-Fumboldt Bay area 
(Miller 1982). The Council currently has a fish trap 
and fish-rearing facilities on Freshwater Creek, 
Since 1963, the Arcata Wastewater Aquacdture 
facility has operated on Arcata Bay. Several ponds 
adjacent to a city of Arcata's large wastewater 
oxidation pond are w d  tO rear sal.rn0nid.s for re- 

lease imto Hurcabldt Bay. Same f ~ h  axe rebased 
others into nearby Jolly 
system will we an exist- 
ake ta produce a totally 

into 
Bay. 

At present, the recreational fishery for sal- 
rnonide on Humboldt Bay consists largely of 
salmon fishing during the summer in Entrance 
E h y ~  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,fJXb15,000 anglers operating from about 5,000 
boats fish out of Wumboldt Bay annually. The W- 
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, fihing h r n  ports on Hum- 
boldt Bay. Three licensed party boats operate from 

Fig. 3.6. %hen caught by party boat anglers hhing outeicfe H m b l d t  Bax 



Hu&xb&,ldt Bay; the majority oftheir cIiente fmh for 
on (Fig. 3.6). Om party boat sperator esti- 

mted that he, chartsm 1,W-1,600 anglera each 
tM%won curdbra 1982). 

Cammereid Fmhing has historically been a ma- 
jor industry for the Bay area and salmon 
hm has always a large portion of the 

1 through 1976, Fmh- 
ennen averaged 276,000 salmon annually landed 
at Eureka doch (Fhcific Fishery Mana 
Council 1986;). In recent years, however) Ian 
have h a  greatly reduoad due to declines in 
salmon populations and coincident restrictione on 
aomercial seasons. 

Smelts 

Smelts are impartant foraga fishes in Humboldt 
Bay. Longfn smelt ( S p i r i n c h  thkkhthys) lax- 
vae were W in abundance in a Iarval fish survey 
of H~umboldt Bay (Eldrl$ge axid Bryan 1972) and 
lansfm emolt juvtanitsrr and adults were fourth in 
sbundmm in a trawl altryey of Arcata Bay (Sopher 
1974). The mmt aburrdmt incidentally caught Fuh 
while fiahing for anchovies with a lampara mine 
were Lk.m % p i e s  of smelts: longfin, night (8. 
stcrrksQ, and surf smelt (Hypmesusi pretiosus; 
Waldvogal 1977)). The longf~n srnolt, claes%fied as 
weakly anadrvrnoua by Fry (1913), pmbably enter 
Humbldt Ray b i b u w w  ta apawn.  Smalt in ma- 
rine wabm fwd on srnall crual~ceaxm, but will eat 
a v h e t y  of plychaete worms, larval fish, jellyfish, 
and &her auihble food o r g d m s  (Shaplro and 

, Xnc. 1W). They, in turn, sre taken by 
fi~hss, mabirds, and marim m m a f s .  

S v e n  s p i @ a  of eusfperches ~1 .e  abundant or 
common in MumXxtldt Bay (Appndh C). In So- 
pher"er 1974 trawl survey of h a t a  Bay, these 
e p i s e  aeeounkd for 4596 of Ule total cat& and 
the shimr perch (CymatogmEer w r ~ a & ) ,  the 
apsmndle~ti species, rcanked first, numerically. A 
&uth Bay trawl survey gave stimitw resulb; the 
sslrrte wven e d d p m h  s p i e s  made up almost 5W 
of the tot& ctrtcfn axid tibe shiner perch a-unted 
fm  31% of the taM (SamnueIrjan 1973). 

axe caught Pram shore, piers, 
year. A apoIic-ficph 

H m h l d t  Bay (1957-kjO) mvedd that 
rnade up alnzwt Wh of the catch. jCwh& 1%). 
b m  M w h  tn J u  mwt of Lfre d t d  s d p x h  

(Amphigtichus koeh3 catch in HuboILdt Bay is 
f d e a  whereas fi.am July t;o 
is 1:l (Ngaile 1978). Female redtda enter e~ahe;rit;h3 
in the spring to give birth to yo- w e r  and 
Gotshall 1%; Bennett and Wydowski 1977; N p a e  
1978). 

These is also a minor c o m e m i d  fishery for 
surfperches in Wumboldt Bay, p M y  for the 
d ta i l  surfperch. These fmh ach 
seine and hook and line. S for 
Humboldt Bay from 1981 to 1985 averaged 
9,230 kg annually (California Department of Fish 
and Game, Eureka, unpubli~hed data). The diet of 
mdtail surfpmh in Humboldt Bay consisted of 
decapods, amphipods, mollusks, polychaetes, 
isopods, cirripds, bryozoam, and fish, with deca- 
pod~ first in importance (Ngoile 1978). The diet of 
surfprches in general consists of small crusta- 
ceans and other small invertebrates @axter 1960). 
In turn, surfperch serve as forage for carnivorous 
fish s p i e s ,  seabirds, and marine mammals. 

Smrpion~hes (Rockfishes) 

Ag indicated by trawl surveys (Samuelson 1973; 
Sopher 1974) and sport-fiah surveys (Gotshall 
19%) the black rackfish (Sebastes melanops) is 
probably the most abundant m W i h  in inIumb01dt 
Bay Rockfish are commonly caught by anglers fish- 
ing from jetties. Cotshall (1966) stated that juvenile 
m&fiih are common in Humboldt Bay channels; 
the trawl surveys verified this and indicated that 
the bay mmes aa a mcl&ish nuraery area. Prince 
(1972) reported that rocldsh inhabiting an artifi- 
cial reef in South Bay fed primarily on arthropods 
aiwxiated with the reef: Dungeness crab, gam- 
marid amphi+, and bay shrimp. Fish is impor- 
tant in the diet of rockfish.Rockfish are caught by 
mmercial anglers outside HuxnbIdt Bay and 
from 1981. to 1986 made up %-31°/o ofthe commer- 
cial lmdings at  Hurabofdt. Bay (California Depart- 
ment of Fish and Game, Eureka, unpublished 
data). 

Munrhldt Bay provides spawniy and nursergr 
mas, particularly the weas around the entrance, 
seawalls, and jetties, for four s p i e s  of 

d most highly prize the 
Iarge size and is very 

pdahble. Greerding feed on a vaPie$y of ccrust- 
ceans, polychaeh worms, and small fish. Lingcod 



fed  chiefly on o&er figbee, hc1!aabg h m d  (Toole 1980). Older juvenile Eng- 
Bawdem, and mWm%a, 8md prgkape ia~cidepaMy lish mle feed prinnarily on plychmtes, bivalves, 
an s q ~ d  hiltad varlom cmstt9wm (Sh~piro and arad other i d a d  organisms. 
hswiabs, hc. 1W). sanddabs are abundant in Hulllboldt 

Bay; they amunted for 8% of the total trawl catch 
F k t l f i h ~  in h h  Bay (Sopher 1974) and 90/b of the trawl 

The two most common bottom-feeding fish spe- 
cies in Hurnboldt Bay are English sole (PQrophrys 
vetulu) and speckled sanddab (Cithcrrichthys 
stigmczeus). The English sole, a commercially im- 
portaat 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 26Yo 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 
furst year, although some remain in the bay 
through their first winter (Misitano 1970; 
Samuelaon 1973; Sopher 1974). 

On the basis of comparisons between available 
prey items and composition of prey organisms in 
stornach contents, juvenile English sole in estu- 

catch in South Bay (Sannuelson 1973). Sopher's 
(1974) length-tufrequency dab suggeeted three 
age classes present in the bay. Speckled sanddabs 
hsre somewhat selective bottom feeders, with small 
crustaceans accounting for the majority of prey 
items taken, in both number and volume ( C o b  
1978). There is some degree of overlap between the 
diet. of English sole and speckled sanddabs, al- 
though not enough to cause significant competition 
for prey (Fig. 3.7). 
The starry flounder (Platichthys stelkztus) 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 h s h  water. 

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

arine channels are considered nonselective feeders 
(Collk 1978). Recently metamorphosed English 
sole inhabit intertidal and shallow subtidal sand, 

Amphibians and Reptiles 
sand-eelgrws, and mud-eelgrass habitats, where Shapiro and Associates, Inc. (1980) compiled a 
they feed primarily on small epibenthic crush- list of amphibians and reptiles thought to occur in 
ceanr, such as calanoid and harpacticoid copepods the Humboldt Bay -a and their m n c e  by 

Fig. 3.1. Percentage composition of prey 
group in the diet of English sole and 
speckled sanddab collected from all 
sections of Kumbldt Bay in October 
1974 (hm Collins 1978). 

Predators 

Prey groups 
P Polycheste 
ii Bnaive 
G Gznmarrd 
3 - Decapod 

? i requcnry  LO - Cumacean 
C L  Capwild 

Percent similarity of diets 
2 N u m k r  - 33 . :  
4 Vo'sr,e -- 35.5 
Z i r !  Z i . 8  



Fig. 5-8. A catch of mle bsing pxwwseed at a Humboldt Bay seafood processing plant. 

habitrre Publishmi literature on herptilee of 
t;he bay is a c m .  Salt marsh and brackish 

h hab ihb  am neportedly inmss ib le  to herp- 
use of the they encounter 

rnternal water balance. The Oregon 
g&r szuike, Tharnnophis cowhii hydrophila, is 
sap& to aecw in brackish are= occasionally 
( S b b b h  19%)- Mu Lhreatened or endangered spe- 
cietc of mphibiam or reptiles 0ec.w in the Hum- 
b l d t  ]Bay region, 

The motrt ViL)ibie and a t  times sp t acu la r  d d -  
lip@ of HmIbo1dt b y  ara the birds. Motat of the 

of fall andi winter bfPds migratii  south- 

aa, or in in- &djace& to, bay for 
geriodks3 of b e  w o r n  1913). HmBzoIdt 
m j o r  m a  far over 100 s p i e s  of migat- 
b g  wahr  birde @I 1%). The bay dso  sup- 

port~ a variety of resident birds. A Lotal of 251 
species of birds have been noted for Humboldt Bay 
(Appendix D). 

Hmboldt Bay, as an ecological unit, is most 
important to the waterfowl (Monroe 1973). Counts 
of 124,000 ducks have been recorded for Humboldt 
Bay (Pmcbr et al. 1980), but midwinter counts 
generally range from 20,800 to 6 0 , O  (Springer 
1982). The American widgeon (Anas arnerkam) is 
cansieteniiy the most abundant duck during the 
hunting season (QctoberDecernber) with the 
greater scaup (Aythye marila), white-winged m t e r  
(Melanitta fusca), northern pintail (Anas acuh), 
redhead (Aythya americana), mallard ( h a s  
plat,yrIz.ynt:has), md gm?n-wkged teal (A. ermm) 
present in high numbers during this period 
(Shapiro and hssciates, Inc. 1980). Waterfowl 
hunting is estimated to provide over 25,008 
h w ~ t e r b y s  of recreation annually ( M o r n  1913). 



h c k s  m.h1.08Qy w e  8pn-wabr m w  of the bay 
a d  wakp-covemd ancadflat and e l ~ r a s s  am=. 
Diet sf;u&e~ by Y x m  md Keg3er QINl) ~howed 

b b m m h  t .tea puddle ducks 

d scoter-were more dependent on ani- 
. Diets varied somewhat by species, lo- 

cation, and food availability. 
Mallards and gadwalls are not abundant but 

are present d l  year and nest locally. Cinnamon 
teal (Anas cyanoptera) also neet 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 neet locally. Arcata Bay supports 
over 70% of the duck use in Hmboldt 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 molluska, crustaceans, and insects won-  
roe 1973). 

A bird dependent on Hmboldt Bay is the black 
brant ( B m t a  bernich n$rkans), a small marine 

gmm. Phacigie Byv6ray bra& nest in the Aretic and 
winter in esh&es of southern Cdifosnia and 
Mexico. Hubo ld t  Bay is located approximately 
halfway between suitable brant habitat in 
Washington and Mexico, and indications are 
that the bay is an impostant rest and feeding 
stop. A n  estimate that 25% of the b ta l  brant 
population, or about 35,000 birds, pause in 
Hmboldt Bay during northward spring nrigra- 
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,Q00 
brant wintered there (Moffitt 1934), but the nun- 
ber has now declined to less than 100 birds 
(Springer 1982). Recently, the peak migrant brant 
numbers for Hmboldt Bay have been only 900 in 
fall and 11,000 in spring, and bra&-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 be& 
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 remrnins of the old Amah 
wharves in Arcata Bay ie thought to be the largest 
in California and the second largest on the PacSc 
coast (Ayers 1975). Cormorante f& mostly in the 
deep channels of the bay. 

Fig. 3.4 Shcbrebirde over Hunnboldt Bay 
(photograph by Eureka Times 
Standard). 



Hmboldt Bay has been hown  historicdly eae 
one of the most b p r t a n t  shorebird concentra- 
tion are3ae in California (Fig. 3.9), hosting plovem, 
avete ,  phalaropes, and shombirdss. Feeding ar- 
eas are primarily intertidal mudflats, pastures, 
beachee, sandflab, shoreline eelgrass wracks, 
and marshes. They feed extensively on inverte- 
brates, usually extracting them from the eofi mud 
or aandy subetrab by various ways of probing or 
pe&ing. WoImberg (1975) examined food in the 
digestive trads of seven species of  shorebird^ ml- 
la&$ from Areata Bay mudflats and pastures. 

During the summer, small nuxxhm of m n b d -  
ing h b i r d e  are ~ ~ W E S X ~  in Humboldt Bay South- 
ward migrating birds begin arriving in late July and 
peak fiwn Sep- through April when the daily 
average shorebird count exceede 26,000. Gounte are 
oons-y higher for Bay than for South Bay 

The caninon snipe (Gallinago gallinago) is a 
shorebird game species. Whih and Harris (1966) 
found that salt xnarshes were most important to 
the snip,  with upland pasture, plowed land, and 
lowland paeture less important. Snipe eat both 
plant and animal material; plant fibers, ins&, 
and aeds ap>wared rnost frequently in stomach 
eamples (White and H k  1966). 

Wading Birds 

Herone, egrets, and bittern are regularly seen 
on Humb~ldt Bay, and a 1.6 ha grove of trees on 
hdim Island is a mkery for the great e p t  
(Caarme- albus), great blue heron ( A d a  

), black-crowned night-heron ( N y c t b m z  
, snowy egret (Egretta thula), and cat- 

tEe egret (Bubrrlnts ibk; Fig. 3.10). As many as 256 
pairs of great egrets (the moet northerly nesting 
p u p  dong the PEtcific mast), 87 pairs of great 
blue herone, 23 pairs of snowy egret, and 3 paim 
of cattle e p t e  (first repoxhd nesting in the rook- 
ery krr 1998) have been oounted (Springer 1982). A 
mkcttry umd only by blackemwed night-herons 
L locaw on the Samoa Spit. 

made up ody 1% of the o v e d  
diet of graat egrets, they o snMbua  15Yi of the 

8 md 169'0 of the energy they cornwed 
mually. 

tailed hawk (& 
kestrel (Falco sparere 
(Falco peregrirrw), an endangered species, is 
thought to breed in the vicinity of Humboldt Bay 
but there are no m n t  nesting records. The os- 
prey's principal fishing ground is South Bay, 
where several species of fish are taken; sur- 
fperches 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 c o m o d y  observed hunting from 
the tops or wires of utility poles. 

Miscellaneous Birds 

Hurnboldt Bay is important habitat to a number 
of gulls and terns; 24 species of the f d y  Laridae 
have been observed on the bay (S.W. Harris, De- 
partment of Wildlife, Hmboldt State University, 
Arcata, California, unpublished data). Over 100 
pairs of Caspian tern (Sterna caspiu) formerly 
nested on Sand Island (Yiocum and Harris 1975), 
but no nesting tems have been reported in recent 
years. 

Other studies on bird use of the Humboldt Bay 
environs were reported by Burton (1972) for Gun- 
ther Island, Hill (1977) and Sorensen and Springer 
(1977a) for dune habitat, Hoff (1979) for h a t a  bay 
pasture land, Spitler (1985) for newly created wet- 
laads, Sorensen and Springer (197%) for diked 
coastal salt marsh, and Nelson (1989) for south 
H m b l d t  Bay. 

Mammals 
Over 37 speeies of rnam~nals are mn?monly 

found in the Humbaldt Eaay area, and at  least 32 
other epecies can be found at times (Appenh E). 
Shapippp and Associates, Inc. (1W) divided Hum- 

ds into five categories: big game, 



P a c i f i c  O c e a n  

Fig. 3.10. Special d&i fe  use areas on Humboldt Bay. The cormorant raokeny is denote$ by the s d l s  
between the tern mkery and a seal hauling area (h M o m  1973). 



casnivom, h b e e m ,  sxnaBI mmmrals, and ma- 

ikus Fsi.ml;r?nus 

] l a d .  w c d t u r a l  am- arsund the 

(wapiti, Cemw ehphus)  mxmionally a t a y  inb 
a p i e u l k d  around the bay where thoy 
gram OD meadow eaerte8. 

Lslrge c h v o m  mcrtrt l h t y  to be found m u a d  
MmbaEdt Bay a m  gray fog ( Wnxyon cinerrron~en- 
&?ua), b b t  (Lynx mfw fas(fr;u€w), ~ s l d  cayotrs 
(CmL Eat-), &ough a l  a m  mmmmorr. Them 

rtils~ fwd on r~ntall murmrzfs, birds, and 
. Muelslid weamb m d  s h x h  rn smdl  

c~mmcmly eak otber small ~nnrxkmals, birds, 
ea~ap.ka, 4 imh. Skt lxh feed prirlcipully 0x1 

trr, d e n t s ,  small birth, arid ~~)8SibIy bird 
egp (IXWIW lN6).  

k b b m m  commonly observed near IIumbldt 
b y  ano rivw otter (Lutrrr ccu~&.mb irilbreuipibuq) 
wid racmrt (Pro~yon lotor). 'Rlo river otbr Wner- 
ally illlrabita t ; r ibuw a w ~ n l e  but is somc~tirnee 
L W B ~  in tidal doughs of tke bay. Fcxxi itexrm irlclude 
f i ~ h ,  arrrphibiarus, arrd varisua aquatic inverto- 
brrrt(J8. 

be$ up ta the sir& of a jack rrrbbif.. Shwws 
wmtrnxs Iwge quut~titiea of inecn-ta to meet R very 
high mbbolic denrtmd. They nlay be impadmlt in 
l i m i t h  mrtkiin irlsoct yly~ulat~iom turd ruu BUBCep- 
6b1e to bi~arnp l~ca t ion  crf c n v h m c n t a l  t o x h  
(Sb~piro and &8~b~iat~e,, Inr. 1980). 

A & v e m  p u p  of small d c x l t a  idxubih tho 
bay m a ,  maw *of Q11.rc.m p& of the m>niplex f d  
c h h ~  suppo&irng the larger f u m  d fiesh-eating 

birds and mmmhzla. Grcauix! scluimels, chip- 
L ~ ~ U O X I .  mu&, a ~ ~ ) h e m ,  rak, mice, and vo1e.s am --. 

in wetland ameta with good mxTeu: af.1zse &81s 
eat a variety of h& ~uld p l a t  f d .  Among 
iagoraorphe, black-hiled jack rabbit (Lem cali- 
fomicue) and b m h  rabbit (Syivi b h m m i  
ubricolor) are common in agriedtwal and ripar- 
ian areas around H m b l d t  Bay a d  gmvide some 
s m a l l - g m  huntkg  opprlrrraities. Both mam- 
mds eat a variety of plant f d .  

At leaat nine spsciea of baia are common to the 
bay area, but little k known about their m s t i n g  
sites and faecthg habitat preferences. B a t  can be 
important in lirnithg certain k t  populatiom 
and an? suseptible to the toxic effects of imecti- 
cidaa concentrated In the food chain ( S h a p h  and 
h m i a b s ,  Inc. 1980). 

The h a r b r  mal ( P h  vitulina) is the most 
eomxon marine mammal of Humbldt Bay and ia 
a m m d  msidei~t. M o m  (1973) rqxrted that 
over W ma18 have been muntcd on a single day. 
Breeding populaklarm reach a m d m u m  of about 
,300 arklrile in late spring when pupping sccurs, 
xnairtly in South Bay. Tho average annual popufa- 
tion is mound 200 seals. H m b r  seals leave the 
wabr {hard out) for short periods of time to rest 
nnd give birth to young, primarily from April to 
June (bsent3lnf 1968). Saala haul out onto niud- 
flats ex1msc.d tiurix~g ebb tides, primarily adjacent 
ta, small tidal chanr~els in upper Arcata and South 
bays (Fig. 3.10). They fwd on fiah and, occasionally, 
inve&bratoa; in Hum'boldt Bay they feed on flat- 
f ~ b ,  surf~~rcb,  greenling, and tamcod (Shapim 
m d  h m i a b s ,  Inc. 1980). Jones (1982) found that 
srirfprcix wmtituted 4 1.9/0 of the harbor seal diet. 

A11 the nlarirlc n~ruxunrxls are migratory, wand 
local papul~tions fluctuate. The harbor porpoise 
( P l ' m n a  p h o e n a ) ,  a regular visitor, ia the 
porpoise that  most commonly uses Humboidt 
Bay. I t  is  usually observed in beepwater c h ~ ~ n n e l s  
( M o m  1973). There are XIO endwverod mam- 
rrrale irlhnbiting Ilurnhldt Bay or i t  surrounding 
mca. 



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 aesen- 
t i d y  obligate. The model that will be followed here 
is related to the availability of nutrients that en- 
able plant photosynthetic processes to OCCW, and 
to subsequent trophic interactions of major groups 
of organism. 

It is obviously an oversimplification to assign 
individual species or even groups of s p i e s  to 
d e f ~ t e  hph i c  levels. Generalizatiom about feed- 
ing strategies are diffbdt to make for even a single 
rrpecies. b o n g  plychaete species of the bay, many 
function at mom than one trophic level and may 
change hph i c  levels depending upon life stage or 
availability of trophic resources Vauchald and Ju- 
mars 1979). Among higher-level vertebrats p d a -  
tore, chiefly fwhes 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 

to particular levels offere the best 
metbod of developing an understan* of signifi- 
cant interactione and focusing attention on where 
energy relations must be investigated further. 

Nutrient Availlrability 

Nutrients entar the bay from several eourcee, the 
most significant of which are runoff waters from the 
s m u n d i n g  watershed (including agricultural 
lands adjacent to the bay), a n b p g e n i c  eoume~ 
(in particular the two major wastewater batment 
facilities serving the communitiee of h t a  and 
Eureka), and marshom waters adjacent to the bay 
(particularly d e  perid  of upwelling). %peg- 
mt and Butler (1981, 1982) sugwM that pat- 
terns of nutrient availability and phybpl 
productivity ase Mepent in the thee major corn- 
part;ments of Hmboldt; Bay (North Bay, Ent;rmm 
hy, South Bay), where nibmn can be s 

eantly limiting to plant growth during periods of 
high prcductivity in the summer month. Biologi- 
cally available nitrogen may fall to such low levels 
that phytoplankton production is signScantly re- 
d u d ,  particularly when upwelling oeases during 
summer months (wguegnat and Butler 1981). Al- 
though the eff& of low nitrogen levels on macro- 
phytea have not Been tested, it can be m u d  that 
their pduction is aIeo 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 valuea 
low enough tr, limit phytoplankton productivity 
m u e g n a t  and Butler 1981). These nutrient lev- 
els apparently do not fall low enough to limit 
phytoplankton growth. Pequegnat and Butler 
(198 1) concluded that nitrogen is the nutrient that 
will fugt limit plant growth in bay waters. 

It seems unlikely that nutrient levels in the bay 
are significantly limiting to plant mwth during 
winter months, when seasonal rainfall is high and 
coliform contamination of bay oyster beds indicates 
the magnitude of runoff (preeumably with nutri- 
enta) from adjacent agricultural lande. Muckion 
in salt marsh plants and eelgraw (Zmterm) is also 
strongly semnal in the bay (Rogers 1981; Bixler 
1982), and it is probable that both mudflat algae 
and phytoplanktrrn have similar patterm of sea- 
sonal productivity. During late fall, winter, and 
early spring, declreaeed light availability is prob- 
ably Me significant limiting factor to plant growth 
in bay waters (Raymont 1963). Another b p o  
factor during that same tirare period could be Btsomg 
northwesterly winds that awmpangr s t o m  begin- 
ning in the fall. sos of m a a t  algae aHld 
h t e m  blades are piled up on the windward show 
of the bay foUo* the ht. of the * 
swgeeting that wiPl(9-driven waves the 
plant mkriaf from knuortca a?;Cte 
rnudfiats. Thus, low Kght levels and 
@dace  waves rule pdabiy eht? rnoet rai@cmt 
fadom 1 s t -  plant $rawth in l ab  f a ,  winker, and 
e d y  spring. 



V ~ u s l l y  nothing ia h a m  & h u t  nutsient q- 
cling in bay watem. Tidial exchan~e with adj-at 
nemhore; wabm is a major fc~cbr in nutrient 

bath in mmovhzg nutrienh from the 
wnMbuting than, particul~lr 

priode of upwelling in wermeLil wakrs. 
m d  nearahore wettern ara low in plant pduct iv-  
ity until the o m t  of longer days, p a b r  ixltenaiw 
of soliar bolation, and upwelling in mid-April 

1982). At that tirne, phyto- 
in both bay and neam 
and runoff are d e l i  

during the same parid, it is probable that u 
llng nu~ent r r ,  p&icufarly nitrogen, trigger the 
blwnra in both and the newshore piiyto- 

n praductivity then levels 
off in the bay but wntinuee ta increme in near- 
ahom waters, probably fluctuating d e p n d i q  on 
the dynamite of upwetlillg, urttif ltik stxnmler 
(Fig. 2.13). This suggesb tfnnt nutrienh from 
musmhorca wabm R I X ~  t+fio~fdfrnxn wutuc.hthonous 
eourrosP am k i n g  rapicily izlc0rp0rnt*1Ti into plant 
mrtbrial in the bay during this perid of xnaxi- 
mum pd.rxclivity. ?he lowor lemi of ciilurctphyll 
in bay phyQapl~rfkton ccrrnpanld ta rmortmhom phy - 
taylrmkbn {Fig. 2.14) xnny indic-ah that mrnpti- 
tion fbr aukienb from nludflat rnicmalgae and 
nnacroalg~o, and frorn Zcwkm, cnur~lts limlfation 
of tho primary pdiictivity of bay ph@plmkton 
duriryl thior parid. 'Rm phfl~>plbukkbn in xxr*cnr- 
sham wahm may wwch A higl-%car 1cvc.l of gtrzxttlc- 
tivity k n u w  those pl~ulationrr. have ixnxnediwtr? 
r r t r ~ a  to uywallrci xltiitriettte, and them is no corn- 
patitiorr fmrn atackrsd mrxrxcrogtli~yt~s and benthic 
xxaicn~florw for nutsiexzts, as is h e  in tiarc? bay* Ihcm 
Xab aumlsr  rno~tt~hs nra?! t h u ~  prinda of maxi- 
mtrm pduct ivi ty  for a11 ac/uatic plant populn- 
tiom in the bay, m d  nut.rient ~vnil~bili ty in praX,- 
ably eigdcamt in lirnlltirlg grrinnru?: prolitactivity 
dur ix~  tihat wxid. 

It M V ~ ~ P I P I  fik~fly Lh~t ftictE,m (rtli~r thaxk rlutsierrt 
h&t.tioxm ( d u e &  lidit, p ~ i b l y  ru.d~ln-d saiin- 
its ~bm2 wa$rft~ fkz1t cs tw  mumat  f~lgae to Iw 
mnxoveht from fgie sufSEIbal;t?) are simificxctint Iixnxi- 
IkzLiorm tko plant m w *  h m  late fnfl to early 
sprhx, k i n s g  that  rer rid, xnassive armouxltei of 
p l a t  mah.xid b v e  the bay on ebb t idt*~ or h t n e  
5bandd  in the nppr  rtewhecr of bay tidal flab. At 
fhhpa time, rnucil of the p l d  r~~at&~A% ie u n d e r e ~  

tf3. two sigGficmt maultB: nutri- 

microfiarsr b m m  available 4sa a vwiety oof mar- 
enamm. h both ina laul-rienh w e  m l e ~ d  

aufl-oundixlg waters, m d  the bay pmbabXy 
ELB a n e L  nutsient e h r m  Irate Ed1 

a ~ >  early spring. It should agairr be emphasized that. 
them are highly erpralative ehtRtments, b 
mlativeily little avdable &ta. The net nutrient 
&t;ue of the bay, covering at least an entire annud 
cycle, i~ largely unknown. 

Four major c o m p h e n t s  of plant productivity 
in the bay. Theae are plant 
salt marsh- that are found at 

higher tidal elevations around the bay, micmscopic 
snd m a c m p i c  algae growing on tidal mudflab, 
production fmm wlgrrras W (primarib but not 
exclusively From Zwtem marina), and production 
froxn bay phyt-oylrulkton. Them plant materids 
differ p a t l y  in their acces~ibility to potential 
taxmumere and suikbility a~ food. At one extreme, 
d k t  grazing on salt nrkarsh rooted vegetation is 
prob~bly imi~ i f i can t  m d  involves ody a few in- 
wet argwios (Cameron 1972). Much of the plant 
productivity of the marshes is e x p o d  ae matarid 
of differing enoretic, quality (much of it ie highly 
resistarlt to easy aslsimil~tion by consumers), 
which kqmear available only through b a d r i d  
drmmpomrs t*, the major consumem in the bay 
(Tenom 1977). At the other extreme, swpended 
phytr>~Rankton may be readily available to many 
fiitr f d e m  mcf. is  probably relatively easy ta 
E > ~ B  and digerst. hlgram, benthic microflore, 
m d  rxrricrnpfaytic dgae probably lie between these 
c?xlr@n1es. 

Rogers (1981) ahdied the productivity of 
Spslirta hmiftorn, Lh;stkhlis spicata, and 
&rlid?onzirr v i&nh.  Iie chose tufo slibs, both bor- 
derkyg North Bay, where ~ t u d y  are- supp~Pted 
.t"swatialIy monwult~irea of one of fiest3 s p i e s ,  
aind umct t b ~ ~  mcthQcXa to calculate the above- 
muxxd net =nun1 primary productivib of .t;he 
plan&. E2ictler (1987) yrcented a more complete 
list of ~ a t l t  marsh slpc?ciee at several sites around 
the bay? but the data an prin~ar?y productivity re- 
p ~ ~ t e d  by faagcrra (la21 remaim the best available 
arzd tJrzxs wcm uscd to e a t h a t e  anntxfi1 net p d w -  
kivity carnpxlerxb in Humboldt Bay mble 4.1). 

bgrm (1%9) w m  fortu11~.te in smpling d w d  
w _vew lrirnuch d u d  r d d l  in 1977, and 2 
ofnewr-svew d d 1  in 1976 m ~ d  1978. M 



h a a t  miraicrodgae and 
rnacsoralgae 

a %gem 1981. 
Pequegmt and Butler 1982. 
Bider 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 s k s ~  caused by ion accumulation 

nts. The estimatesl of annual net 
ivity in Table 4.1 are averagea of 

the three methods and 3 years of data that Rogers 
presented. Because these estimates are 

on net productivity for only the above ground 
portions of plants and include a year in which 
essentially drought conditiom prevailed, the esti- 
mates must be viewed as fairly conservative. The 
productivities of salt marsh plant species other 
than tho- studied by Rogers (1981) m also un- 
known and could modify the estimates shown in 
Table 4.1. 

The fate of plant material produced in the 
marshes L not certain. All of the marshes in the 
bay are adjacent ta mudflat areas, suggesting that 
dead plant material would be transported onto the 
flats, where it would enter the food chain as detri- 
tus. I)irect comumption of salt marsh plants is 
virtually unknown among invertebrates. The mi- 
croflora on the surface of the dead plant m~bterid 
could be signif~cant in the diets of both polychaetes 
and crustaceans of the flats (Fauchald andJurnm 
1979; Morris et al. 1W), and d~~~mposi t ion would 
also release dissolved organic matter @OW inLo 
the surroun& water? where it might contribute 
to the nutrition of soft-bodied ilnvehbrates 
(Stewart 1979). These pathways of energy use are 
not as effcient EW corms~~g~ptio~ of' plant 

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

The estimates of primary productivity from 
mudflat microalgae and maeroalgae are prelim& 
nary and will require further investigation 
(Fbquegnat and Butler 1982). Two algae species, 
members of genera Entemrnorpha and Ulva, are 
obvious and abundant on the flats during the late 
spring through the early fall of each year. The fmt  
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 
eesentially unknown but are ilooportant 
in estimating the annual net prinrary p d u d i ~ t y  
of the bay. Some species of polychaetes browse on 
benthic diatoms (Fauchald and J1pmaz-s 1979))), and 
mtaceans  feed on both mimalgae and macroal- 
gae (Morris et al. 1980). 

on the mudflats are mom readily 
marsh plants; thus, tbi~ eonapart- 

rnent of bay productivity pmbably con~banhs 
much more. t~ bay consumers than vee- 
tation (Table 4.1). Ad&tionaPI~ m dm= 
readily leak lXlM9 with those wrnp~caEl poten- 
tially ahm contsibuting to tlse nutpi.tiiorm of bay inver- 
tebrates. Plants are only e m n a y  available to 
commers and 

anamdgae aer a. 



h m  late fall though early spring is admoat nil. A.s 
with plant production from the salt mars he^, a 
s&n%~8n.t W o n  of the mudtlat algal p roddon  

third major compartment of primary production 
in Humboldt Bay (Table 4.1). Harding and Butler 
(3.979) attempted to eatbate the productivity of 
eelgrass in the bay by measuring oxygen evolu- 
tion, a technique that is greatly hindered by en- 
trapment of evolved Oz in the tissues of the plant. 
Bixler (1982) ueed a direct method of leaf marking 
and memullpent to improve the estimate of eel- 
gram primmy productivity in the bay; the rela- 
tively co~ibervative -timate of annual net pri- 
mary productivity obtained is the one used in 
Table 4.1. In esLimat;lg the production of eelgrass 
bede in the bay, possible contributiom from other 
plante have bsea ignored. T'his probably resulte in 
a seriou underestimate of production from the 
eelgraes beds, since the contribution of other epi- 
phytes and nnicmphytic and macrophytic algae 

exceed the production of the eelgrass 

of eelgrase in North Bay was 
r e d u d  significantly foIIowing the beginnins of 
commemidy euc~eeafut oyster culture there in the 
mid- 1SWs (Waddell 1964). Scattered eelgraes 

a) of ealgraas is in South 
more demly and luxuriantly 

thm in North Bay. A small mount of eelgrass 
gmws in ecatf*,d 1ocatiom along the shipping 
ehmmfirr in Entrance Bay South Bay, Entrance 

N o f i  Bay are qualitatively different in 

oe and North Bays sugg(38ts that it is leas 

Zastem blades 

jip 1$B4)a bvehbrsah he&ivom~ appm11~~1y fmd 

e to & p t .  %n contrst t43 
ZQistem blades rn not 
invehbrates 

1984). Thus, most d t h e  pduckion of ee. 
H-hldt Bay muat enter a pathway to micmbial 
decompoee]~~ duping much of the year, Black brant 
populations have declined markedly in recent 
yeam and are only seasonally present during mi- 
grations to feed on eel-, with the result that 
even leee eel- is probably now being coneumed 
directly by herbivores than was true in past years. 
Following the onset of winter etorm~, maaaive 
quantities of eelgraas blades are thrown up on high 
intertidal flab or can be eeen floating out of the 
bay on ebb tides. Bixler (1982) observed significant 
declines in standing stocks of eelgrase begkdng 
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 alw 
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 meamred 
by chlorophyll comntration) in North Bay and 
South Bay waters ia generally equivalent to and 
sornetimet~ lower than the pductivity of near- 
shore oceanic watere (Fig. 2.14). The relationship 
of phytoplanlrton production to nutrient availabil- 
ity has been noted earlier, emphasizing the contri- 
bution of upwelled nutriente (Chiefly nitrogen) to 
the bay during late spring and early summer. It 
seems likely that much of the phytoplankton is 
oonswed directly by zooplankton or benthic filtRr 
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  2,205 ha by 
Shapim and h i a t e s ,  Inc. 1984)). The actual 
areal coverage of water varies from this low figure 
to the maximum covered at high ti 

b fn8unuary, although eelgrass and mud- 
flat algae appear to be the lasgest so- of plant 

the bay, the imprtanw of these 
is probably less than 

iomarrs produced in salt 
e of micmbial demmpo- 
ailable to the bay food 
tkra blades, d salt 

dthatistootougIsto 



populations of deposit feeders in the bay support 
this conclusion. 

Rirnary Consumers 

Rimary consumers, or herbivores, are gener- 
ally defined a~ t h m  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 Hmboldt 
Bay. AB d e f d  in our treatment, primary conem- 
ers include deposit and detritus feeders along with 
the strict herbivoree. These animale may not feed 
on the resistant plant material at all, but instead 
digest the surface bacterial microflora (Adams and 
Angelovich 1970). No convenient way to separate 
these microbial consumers from the strict herbi- 
vores and other detritivores ia available, and since 
the energy they coneume comes ultimately from 
plant primary production, their inclusion with her- 
bivores can be justified. 

Two major p u p  of benthic infaunal animals 
are present in the sediments of the bay filter 
feeders that draw their tmphic reso- from the 
overlying water, consuming mostly phytoplankton; 
and debitus feedera that have varying ability to 
seled 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 4%- epifauna 
are small amphipod crustaceans. There can be 
overlap between these major feeding group, as in 
the terebellid polychaek, where feeding tentaclee 
are spread widely on the surface, but most of the 

remains within a tube in the sediments. 
r example of the stme kind involves the bay 

bivalve Mamma naaauta, which extends its siphon 
the surface and sucks in material from the 
ent surface. 

the bivalves ase the 

the deep bumowem 

nocarrdium, and w v e d  emEaller species). These 

two pugs m y  fm h e t i o d  d b ,  
with w a r p e ~ ~ o n  beheen dominant species for 
trophic and sgsitid mwwa (Fauchald and Ju- 

1979; Onuf 1987). 
There are four species of large, deep-bmwing 

bivalves: Tresub, nuttallii, T. cupax (much more 
abundant in the bay than 19 nuttulliQ, Saaibrnus 

and S. nuttalli (more abundant than S. 
The s p i e s  in the genw Tresw are 

known as "gaper clams," while thaw in the genua 
SaJidomw are known as Washington clams." The 
bay once supported a small commercial fishery for 
Washington clams (Morris et al. 1980). Them con- 
tinues to be an active sport fishery involving the 
four speciee. lhmu spp. and Saxidurnus spp. are 
often found together in the bay, with poesibly some 
differences in the depth where they are positioned 
in the substrate (Morris et al. 1980). Peterson 
(1977) felt that S. nuttalli and T mttullii might 
compete for spatial reeources in sediments at 
Mugu Lagoon, although that could not be demon- 
strated statistically. AU four species occur in sand 
to muddy sand eediments in Hmboldt Bay, par- 
ticularly thmughout much of South Bay and as far 
north as M a n  Island (Saeaki 1967; Wendell et al. 
1976). It is poeeible that mud and silt sediments 
are resistant to the burrowing (or reburrowing) 
activities of the8e large species, thus multing in 
dietributiona restricted to predominantly sand 
sedirnente (Wendell et al. 1976; Fbte 
Andre 1980). There ie no doubt that these 
are important phytoplankton consumers. 

Although the most important factor influencing 
competition for reso- among these four spies 
may be space in the 
Andre 1980), tmphic re 
The aninrals grow 
abundant in bay waters, or from late epring to 
early fall Wendell et al. 1976). The seasonal de- 
cline in phytopl stan* stocks (Fig. 2.14) 
apparently mdts in the animals entering a physi- 
ological main te rne  phase from late fall to early 
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Fig. 4.1. Depth Mbution of common bivalves (~ i ze  not to scale) in sand and mud sediments of H ~ b o l d t  Bay 
(hl. J. Boyd, Kwaaboldt State University; field &at;a). 

tively little quantitative information exists on the 
hporbsmca  of them animals in the overall energy 
cyc l i i  of the bay. There may be a partitioning of 
h p h i c  m s o ~ s  between the species of Pmtoth- 
aca and CLiraocrt&m, with I? s t a m i m  consum- 
ing mom benthic diatoms than phytoplanktan 
(Peterson 1982). 

@ a m m i d  oyster cover 324-3645 ha of 
No& Bay (Shapiro and atas, Inc. 1980) and 
comtitute a large &act the phytop1-n 
eomum. artre estimated mveral million oysters 
in N o d  Bay aro capable of relatively efficient fittor 
fesdiamg and retention of food particles. Rquegnat 
m d  Butler (1982) estimatsd that it might be possi- 
ble for oysters in No& Bay to frlhr aa much as SOO/0 
af the &gh-tide water volume, dthough they felt 

probably high. The pattern of sea- 
the oy~ltt?m i~ similar to that seen 

in %su8 19&3), suggesting &at the ma- 
w d  avail&3ity of pb*pl&n  ha^ an impor- 
t a n k  M u ~ n w  an oyebr growth. 

A mwnd major group is shdow burrowers tilat 
wmme d e ~ t u s  on the surface and fresh plant 
mab~d when it L available. Amphipscis, cfuata- 
as-, and polyctzaebe Peed on pliant detritus of 
v w n g  a(b8 turd nukritisnd value. The large 
m o u n t  af r e s i e h t  material (macrodgae, 

plmb) produced in the bay 
try by eommers  suggesb a 

diveme and rmbmdant p u p  of degasit-feedirng 
mmumera could be supprted, jln orzgkuricaflly rich 
npaFine s ehenb ,  tfhis aesemblage is tygicPilIy 

dorninahd by polychaetes (Whitlatch 1980). The 
increase in mud present in sediments of the flats 
along tho wide intertidal m a r e  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 observatiana). 

A deposit-feeding assemblage dominated by 
plycheeks has been in evidence for some time 
d o n g  ths sides and bottom of the channels in the 
central portion of the bay (Boyd et al. 1975; Bott and 
Diehi 1982). Without doubt, this area of the bay 
experiences some disturbance because of priodic 
maintenance dredging. Many of the same species 
that were abundant in 1974 had recolonized &e 
dredged channels in 1980, suggesting that slump- 
ing of material from the channel mar* and larval 
recolonization were both important mechanisms in 
maintaaining this assemblage of polychaetes (Boyd 
et al. 1975; Bott and Debt31 1982). 

The most abundant polJrchaete in the assem- 
blage is a filter-feeding herbivore @'able 4.2). This 
ia t~ be expected in an environment where tidal 
cumenla are strong and conatant. Following the 
herbivorous apeeies in abundance are deposit feed- 
ers, either on the surface of or in the sediments. 
Carnivorous species are much less abundant, as 
wodd be predicted by general ecological theory 
(Pianka 1988). 

The abundance of degoait-feeding worms 
Lhroughout a sidcmt portion of Hubo ld t  Bay 



Table 4.2. &pm&mag&' e&bu&m a d f e d w @ i Z  ( F u h l d  a d J u m r s  1979) ofwickely distributed 
p l y c k k s  in the mntmk pdion ofHumbl$S Bay, 1980 (data h r n  Bott and Lhkbel1982). 

A b ~ $ a a h ~  
S p i e s  ( ~ m b X 7 r ,  ) @d 

Owenia ml%aris 
M&mclsrn aalifirnkmis 
Lysilh hbiuta 

monilarb 
S p w p h a m  b o r n e  
GEycindepolygmtha 
Platynewis bicuuzaliculatu 
Tharyx multifilis 
Sphaenxyllis mliforniensis 
Blydom socialis 
H a p W h p h  ehngatrcs 
Eumidiu bifoliuta 
Emgone ep. 
Phloe tuberculata 
Amaena oocidentalis 
Nephtys caxoides 
Ophe1i.a assirnilis 

y motile, tentadate 
, motile, nonjawed 

Surface deposit- , h t e l y  motile, tentadate 
Surface d e p i t -  , motile, tentadate 
Surface deposit-feeding, discretely motile, tentadate 
Carnivore, discretely motile, jawed 
Surface deposit-feeding, discretely motile, jawed 
Surface depit-feeding, motile, tentadate 
Carnivore, motile, jawed 
Surface depit-feeding, &distely motile, tentaculate 
Bmwing, motile, nonjawed 
Carnivore, motile, jawed 
Carnivore, motile, jawed 
Carnivore, motile, jawed 
Surface deposit-feeding, sessile, tentadate 
Carnivore, motile, jawed 
Burrowing, motile, nonjawed 

emphasizes the importance of detritivores in this 
system. It would be mcult 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 penore 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-feedkg 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 aniazal and 
microbial biomass primarily as a result of con- 
sumption (perhaps several times) by the depoait- 
feeders of the benthos. 

Me io fad  animals (those that will pass through 
a 0 .Wm sgeen) m y  also be important consumers 
of detrita3 rnatRriaB in bay edments penore 1977). 
Although these organisms can account for a sub- 
stantial portion of benthie cornunity respiration 
(Fenchel 1978), n is known of their impr- 
tan= in the energy relatlomhips of the bay Find- 
ings in other temperate estuaries suggest that the 
meiofaurma could account for perhaps 10-28h of 
benthic conunaurity respiration (Tenore 1977). 

The third major p u p  of primary consumers in 
Hmboldt Bay includes some epifamal s p i e s .  
Wherever hard surfaces occur in intertidal or sub- 
tidal habitats of the bay, a diverse assemblage of 
both sessile and motile inverbbrates b m e s  es- 
tablished (Prince 1972). These surfaces are often 
associated with docks, bulkbeads, or other struc- 
tures of human origin. A small mount of primary 
production from macroalgae (2ih.m~ distichus, 
Ulva Lmtuca, Entemrnorpha intestinalis) occurs on 
these surfaces, but is insignificant in magnitude 
compared to production on intertidal fiats. Simi- 
larly, primary consumers (mainly feeding on phy- 
toplankton) are abundant on heavily colonized 
(fouled) surfaces, but would account for only a 
rninor amount of the overall energy flow in the bay 
The nwxielacalliy dominant primary consumers in 
these assemblages are acorn barnacles (Balanus 
spp.), sabellid and serpuIid golychaetes, numerous 
bryozoan species, several species of spnges, md 
colonial. Wea t e s  (especially Bot~ylkPides sp.). 

Brant nnigrants feed mainly on eelgrws and 
occasiodI.y on other plants, hcliuding picMeweed 
(2a lkrak)  and algae, during fall and spring stop- 
overs at Mtmboldk Bay (Henry 19881, Theset w e  
periods of ger~erdy low p1mt p k q  pductiv- 
i ~ :  and it is & o m  whether the f e e h g  activi- 
ties of the brmt h m  m y  B~&~c&PL.& impact on 
ppulatiom of the plants, The drictIyr m m d  



rPd;ivitiw and relatively shod widenee 
Lhe b& suggest that activitiss 

have minimal impact on plant popdatiom. 
h p i t e  the many primary oom~~~lere in the bay, 

actual m~d-ente of pd, respiration, re- 
p d & i v e  cycles, or other physiolcrgical cornlatee 
of energy consumption have been few. Data sug- 
mt that the bay supports an abundant and taw- 
phically mmplax wmblage  of cornmere. Sea- 
sonal  patterns of primary productivity are 
hpor tant  in iduencing the growth and reproduc- 
tion o fmay  bay consumers. Both M consump 
tion (mainly of phytoplankton) and indirect con- 
e~~l lp t ion  (by defxitivof~&~) of plant material are 
highly eigdicant in an energy flow model of the 
bay. An xanknown amount of the plant material 
produced in the bay is exported from it, with some 
probable mmlation to the 0-k of late fall a t o m  
with high win&. Material transported into near- 
shore waters is of unknown importance in sustain- - populationsl of both planktonic and benthic 
o m w m  there. 

b ~ ~ ~ a f h e m - t e i n -  
volved in capture (Schoener 1971). In several 

) b a mmht mmw- 
F ~ ~ c I ? :  over tha bay flats, lit&le quantieplltive infor- 
11~8tion. eraietrc on the flow of @energy to mjor  p d a -  

c?t d. I=) sup- 
dim: biPde wasme 

n d q  p d u d i o n  
prom. 8hdlow estuwiea d embapezhk, fit& con- - 28/6, a d  invertebratw 12% Th= eati- 
-tee vary, however, from one area to another. h 
E-pan and South A£rican estuaries, 644% of 
the energy in secondary consumer production went 
to shorebirds. While it is disturbing to note thie 
d e v  of variation, the outlying values are be- 
lieved to be somewhat atypical (Etaid et al. 1985). 
Available data suggested that 50-60% of the total 
eecondary production paeses to predatow in shal- 
low water marine system, a much higher ecologi- 
cal efficiency than than typical of terntr ial  or oce- 
anic systems (Whittaker 1975). 

There are a number of potentially important 
pdaceoxm invertebrates in the bay. Dungenem 
crab juvenilee 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 si&icant large predaceous 
asteroid is Pisaskr/bmvispinUs, although E! 
ochmceous is ale0 abundant in Entrance Bay. Pis- 
aster ochmcears IB ementially confined to feeding 
on prey items attached to solid substrates (Morri~ 
et al. 1980). PisasterJbmvispinrur is capable of tak- 
ing bivalves from sediments (buzey et al. 196$), 
and pmbably prep on both large and small bi- 
valves in eand and mud. Predatory  snail^ are fre- 
quent in benthic samples (Boyd et d. 1975; Bott 
and Diebel1982) and are important predatom of 
both s d  and larger macroinvertebrates (Wen- 
dell et d. 1976). Numerow spies of predatory 
polychaeterr occur in the bay (Appendix B), but 
their ewcanc5 in terms of energy flow is un- 
known. Their chief prey item are most likely other 
polychaetes and a variety of small crwtaceane 

Jumans 1979). 
sanddab8 and juvenile Engtish sole 

are two significant predalore on benthic infauna 
and epifauna of the bay. Shiner per& appear to 
feed opportunistically on ep 
~ i t h  the majority of prey itexas 

nts of the central 



?& no. in benthic sarq!es % no. in stomachs 
10 5 5 I1  el -- 

______I_/___ 
I -.-C 

1 
Armandia bioculaia /* 

I 

Clam siphons 1 e l 
I 

Protomedia s p  ' i-' 
-- 

I Capitata ambiseta / I 
L L  

Photis brevipes 

1 Transennella tantilla 

1, 1 1 Gtycinde polygnatha 
I 

I 
I ? 

'rpm ~ysi \ /a  sp.  

Haploscloplos elongatus 

Phoronopsis viridis 

Nemerteans 

Owenia collaris 

--, , ili T i  

1 0  0 5 0 0 5 1 0  

avo~dance preference 

Electivity index 

Fig. 4.2 The relative abundance o f  the 10 most 
numerow prey tarra found in 54 benthic grab samples; 
the relative abundance of  the 10 most numerous prey 
taxa found in the stomache of 99 speckled eanddiab; 
and Ivlev's index of electivity (from Colline 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 s p i e s  ecologically par- 
tition the benthic food remurcea available to them. 
ke the juvenile English sole grow during the f i t  
year, changes in gut and external morphology ac- 

al switch from 

(1980) hypthesized 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 punsuit (Schoener 1971). 

Oysters and shallow-burrowing bivalves in 
sandy substrates are preyed on 
(Myliabatis califarnica). The i m p  
tion by b Wu~llboldt Bay haa not been 
quantitat sed. 

Bray, are primarily ph*phagow and should be 
assi&ard Lo a low tssphic level. In h, they pro- 
vide a forage base for larger predaceous fish 
(salmon, rockfiishes, sharks), some birds (pelicans, 
cormorants), an8 harbor seals. Predaceous birds 
and fish are attracted to Pacific herring spawn 
deposits and contribute ~ i ~ c a n t l y  to egg lose. 
In Tomales Bay, diving bir& greatly reduce the 
density of eelgraes in herring spawning beds, 
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Fig. 4.3. The relative abundance of the "+ mwt, 
numerous prey taga found h 54 grab s m p l w ;  
the relative abundance ofthe f Q mwt numemue prey 
tam found in t91e a t o m c b  of 142 WIieh mIe; md 
Ivlev's index af eel&ivity (hm C h b  1978). 
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The feeding adivitieer of shorebirds 81.e highly 2 . 1 1 1  

semonal, coinciding with the atmud $.gations 
of diem of birds (Springer 1982). Despite the 2 - - Co~e~ods  /,)(,, 
obvious predatory activities of shorebirds, their 

- -  Polychaetes 

innuenw on bnt;hic ppulatiom remains contro- - 
versial. G t \ r m e n  (1984) studied the inflluence! of 

I 
--' 

predaceous fishes, invertebrates, and birds on 1 \ \  
I \ 

L/T-\-~'r:/ -T -T -r-i,-t-+i -f. rr,-. 
bnthic organism in two southern California es- . 1" 4 0  50 60 70 8Li YO I ~ O  

t u d e e  and concluded that benthic populations English sole length (mm) 

are innuenmd most by shorebird predation, fol- Fig. 4.4. Index of Relative Importance fox copepods and 
lowed by cX'ab8 c m s s i ~ s ) ;  polychaebs in of English sole 
had the leaat impact on ~ ~ t ~ i c  ~ ~ u l a t i o n s -  The intertidally, June 1976 through May 1977 (Tole 
long-term impact of all predahrs on benthic con- 1980). 
m d t y  eGvctrmra and populatio~s of individual 
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Chapter 5. Comparison with Other 
Estuaries 

H&dt Bay ranks f f i  in size for weat mast 
ee-88 b n o  Grays Harbor on the central coast of 
Washingtan to Sara Diego Bay at the southern tip of 
Galifo& in California it ie second only to San 
Francisco Bay (Table 5.1; Fig. 5.1). Estuarine areas 
In Oregon are size-limited: all of Oregon'e estuaries 
combined would fit into Willapa Bay, Washington 
(Lawnan e t  al. 1972). Humboldt Bay ia somewhat 
unuual becaw it has relatively low freshwater 
i d o w  for ita size. Because of thie and a shallow 
average depth, it ie a tidally driven, well mixed 
es*, rn indicated by ite flow ratio of 0.013 (Ta- 

t . ~  Schdtz and S b o m  (1957), 
a flow ratio >1.0 indicates a highly straMied estu- 
ary, marouad 0.26 indicates a partially mixed estu- 
ary, and about 4.1 indicates a well mixed estuary. 
Atthough the dynamic mixing in tidal channels 
ducat3 temperature and salinity extremes, tidal 
marshes with little freshwater input are subjected 
to higher ternperaCurerJ and salinities. Such con&- 
tiom exkt in Willapa Bay, Hmboldt Bay, and all 
muthem California estuaries. In estuaries with 

mas, such as the Columbia River, 
(Umpqua River), and San &an- 

ciaoo Bay, there is a greater dilution of the seawater 
variability in channel salinities and tern- 
. Estuaries north of Humboldt Bay have 

mom prt.eeipihtion m u d y ,  and estuaries to the 
math experience lower rainfall (Table 5.1). 

The characteristicrr of nearshore ocean water 
estuary dynamics because of the semi- 
i dd  exchange that brings ocean water 

h%u the bays. Wit Conception, appmxinoa6ely 
210 ErPrs north of La8 Angeles, is recognized zw a 
khlruriticn m a  for biota, many of whose 

em ar wuthem bmdar ies  coincide with 
h m k .  TZre California current parallels 
gon d C a o f i a  coast, but flows off- 

, creating a countercur- 
waters to south- 
summer months, 

strong northwest win& 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 

Tillamook 

Winchester Boy 

t i u m i d r  )&,p 
Boy ' "  

Fig* 63. Location of west coast estuaries and bays of 
, Oregon, kPnd California in relation to 

Humboldt Bay. 
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erats to come clam tx, the s d a m .  In 
e G o l u b i a  River plume flows north- 

ward and gmatly &eeb the estuarine waters of 

done. The phwplanktan productivity of Humboldt 
Bay tidal channels is low compared to most Atlantic 
a d  Gulf of Mexico mtal estuaries, but c o m p m  
well with the productivity of San Francisco Bay 
viwatc3m (Table 6.2). Mthough the net productivity of 
Humboldt Bay phytopl-n is not high, the large 

in deep channels, 
ys makes phyto- 

n an hpdt contributor to Wumbldt 
Bay food web. 

PIumbo1dt Bay s d t  marshes are floristically dis- 
tinct h m  other Pacific coast mamhes, yet contain 
rtaany species common to both northern and south- 
ern marshes (Eicher 1987). Spartina demiflom, the 
d salt marsh plant m u n d  Humboldt Bay, 
bae not been reported anywhere else in North 
b e s i c a  exmpt for a small patch in San Francisco 
stay, where it wae introduced h m  Humboldt Bay 
in 1976 (Spicher and Jawlyn  1985). North of Hum- 
b l d t  ]Bay, sdt marshes on the Pacific coast do not 
have Spartina Pilera 1975), except for the intso- 
duction of exotic s p i w  in spots. Mcmt of the other 
apcies found in Hulllboldt Bay ru.e also found in 
San Francisco Bay, with four notable exceptions: 
$he two rare Hmboldt Bay endemics, Hmboldt 
Bay owl's clover (Orthocapm castilkjoidea vax. 

tensis) and Humboldt Bay gumplant 
KS s t r i c b  esp. bluke3; a species of C a m  

t b t  hxs previously k n  listed as C a m  Eyngbyei; 
md&mphoEk strigma, an Old World inMuction. 

ates h g o n  s d t  rnm~hea. 
ly identz~ed as C. l y q -  
u n b l d t  Bay; laowever7 

irts taxonomic on is ementlgr in ques- 
tion. The plant does not fit the cbmacbristics 
given in the literature for @. kymbei;  ik leaves 
are not flat, but channeled, s u a r  to C. obreupta. 
While this taxon is being stu&ed, the old name 
continues to be used. Another form, Barapholis 
strigosa, appears to have been mistaken by some 
authors as a species of Puceinellia, 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 comrnon to central California 
marshes (notably San Francisco Bay), including 
Fmnkenia grandifolia, Sum& californica, Puc- 
cinellia sp., and Salicornia europaea. Limonium 
californicum, however, reaches its northern ex- 
tension in Hurnboldt Bay 

The number of fish species recorded as present 
in other eetuaries is small when compared to 
IEurnboldt 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 19751, 
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 commercidly important species using 
estuaries as nursery m a s ,  ranks high in numbers 
RS fax south as Elkhorn Slough. Commercial flat- 
fish most often cited as  using estuarine channels 
as nursery grounds in southern California (Zetller 
1982) are the California halibut ( ' ra l ichthys 

Table 5.2. Cornparison ofphytaplankbn net primary pmductiuity of selected estuaries; Numboldt Bay 
d a k  from Ilatding f f  9;73), data for all other locations from Mixon (2983). - 

Produ$ivity 
(&/m"/~) Rating 

M-bldt Bay 300-450 Law 
Smen Bay 

Suirausr Bay 210 Low 
Sarn Wle  Bay 228 .m  Eow 
%ua;Ex b y  as8 b w  

Cbeape&e b y  990 M e d i m  
A+ac&e'z;ls. h y  &C@ Medim 



Table 5.3. Cornparkon ofjuvenik and adult fish assemblages ofPacific coast estuaries fbrn trawl and seine surveys.a --- -- - 

Distancea Number of Rank of most numerous fishes - 

Bay C.km) species 1 2 3 4 5 - -- 
Tiliarnook ~a~~ 555 56 Northern anchovy Surf smelt Shiner perch Pacific herring English mle 
Yaquina RayC 450 29 Surf smelt English sole Shiner perch Buffalo smlpin Pacific he ' 

Mumboldt 13a4 0 110 Shiner perch English sole Speckled sanddab Longfin smelt Staghorn wulpiez 
San Francisco Raye 370 60 Northern anchovy Longfin smelt Pacific herring Shiner perch Striped bass 
Elkhorn Sloughf 500 8 1 Shiner perch White seaperch Black surfperch Speckled sanddab English stole 
Morrow Baf 690 66 Surfperch spp. Fla13sh spp. Northern anchovy Goby spp. Staghorn seulph 
Anaheim E3ayh 965 57 Topsmelt Shiner perch Deepbody anchovy Goby spp. Staghorn ra~uipiPn 
Tijutma E13tuary1 1,140 - Arrow goby Cheekspot goby California killifish Topmelt Striped mullet 
-- -- --A - - - -- 
a Air-hilornekrs north or eout3-i of Wumboldt Bay. 

Fareberg et  al. 1977. 
Warty and Myem 1974. ' Sopher 1974. 
&om 1986. 
NybaMcen et af, 1977. 
Piemtine et al. 1973. 
Lane and Will 1975. 
Zedler 1982. 



Estuary 0.m) familierr Groups 

Columbia Riverb 636 18 Edachon, longfin smelt 90 
Yaquina Bayc 450 17 Pacific he-, bay goby W 
Humboldt 13aYd 0 17 Bay goby, Pacific herring 82 
San Fr- Baye 370 20 Pacific herring, goby spp. 91 
Elkhorn sloughf 6CQ 16 Northern anchovy, goby spp. 66 
Tijurmna Es& 1,140 - Goby app., silverside spp. 96 

6Air kiloxnetere north or sout l~  of tiurnboldt Ray. 
bl-he 1976. 
CI%~rcy and Myers 1974. 
d~ldridge and Bryan 1972. 
eEidridse 1977. 
' ~ y b a k k e n  et trl. 1977. 
"edlrr 1982. 

californicus) and the diamond turbot (Hypsopsetta 
guttuhta). 

Larval and juvenile northern anchovy and Pa- 
cific herring are common in IIlScific mask estuaria 
during the summer except in extreme southern 
California (Table 5.4). Qsmerids (smelte) are com- 
mon, mostly as larvae or juveniles, in estuarias 
along the coast of Was n, Oregon, and Califor- 
nia, but art3 r e p l a d  ly by atherinids (top- 
smelt, grunion) in estuaria south of hint Concep- 
t ion Rcfproducing populations of striped bass occur 
in San Francisco Bay and i n k  Bay and Winches- 
ter Bay, tSle only three such populations on the west 
was% Hunobldt Bay lacks a river with high enough 
volume and sustained velocity for successful 
spawning of ,f thiehmous species In a larval 
f ib  survey of Hmboldt Bay, EXdridg.3 and Bryan 
(19'72) reported that larvae of the bay goby and 
h i f i e  b m b g  m m p d  8% of the total larvae 
ootlt36ted. In similar studies, hamy and Myere 
(1 974) fomd that Pacific herring and the bay goby 

f i t  and second, respectively, and made up 
of aL1 larvae sampled from Yaquina Bay, Ore- 

en. (1977) reported that Wcific herring 
comprieed 91% of larvae taken 
Bay (Table 5.4). 

EIumboldt Bay is an important ecologicd 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 dong the F'acific mast 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 S m  
Francisco Bay to the south and Willapa Bay and 
Grays Harbor north of the Columbia Eve r  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, Hmboldt 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 h g o n  
eetuaries. 



Table 5.5. Early Jaman! counts of black bmnt and ducks on west coast estuaries, 1985-87." 

Black brant 
1985 1986 1987 

Ducks -- 
Dabblers Divers 

1985 1986 1987 1985 1986 1987 

Grays Harbor 0 114 350 
Willapa Bay 2,413 950 856 
Tillamcola Bay 134 76 320 
Yaquina Bay 105 427 382 
Winchester Bay 0 0 0 
Coos Bay 0 0 1 
Humboldt Bay 50 0 86 
Tomales Bay 145 186 0 
San Franciwo Bay 

-- 
0 0 0 

a From U.S. Finh and Wildlife Service national wildlife refuges, unpublished data. 



Chapter 6. Management 
Considerat ions 

Humboldt b y  b a valuable reeource to ite eur- 
rounding communities and much of ita value re- 
lates to its biologicd reaoms .  The Northcoast 
Region Comprehensive Basin Plan, adopted by the 
State Water Resoumm Control Board in 1975, iden- 
tified 13 beneficial uses for Humboldt Bay, 10 of 
which are diractly related to biological resources: 
shellfiih harvest, ocsan wmercial and sport fish- 
ing, marine habitat, wildlife habitat, fiah spawning, 
fish migration, nonwater-contact recreation, (bird 
watching, boating, marine life study, hunting), 
water-eontact m a t i o n  (fishing, clanuning, swim- 
ming, sdung), pre~ervation of rare and endan- 
gered apecies, wld hehwater habitat, navigation, 
agricultural supply, and industrial service supply 

There are a number of federal, state, county, 
municipal, and special qpncier~ whose functions 
include making management decisiom regarding 
uses of Humboldt Bay resources. These agency 
roles were reviewed in some detail by S h a p h  and 
Asmiates, Inc. (1980). 

Projsds or activities that might affect habitat or 
dtes bay mums generally require pennit. The 
perrnittTng pn>ceso usually involves the U.S. Arxny 

rs, the California Coastal Corn- 
H m b l d t  Bay Harbor, h a t i o n  and 

ation District; and Humboldt County, or 
t;he &tie8 of Eureka or h a t a .  It may also involve 
the &,do& Watm Control Board, the U.S. EPlvi- 
mmenta1 Iproeesdion Agency, the California De- 

of Fish and Game and the North Comt 
UdeR2 & Quality ent ]District. Other 
wncies such sls the WilWe Service 
aEtd the Nat90nat Marine Fiehepies Service may 
s;lso be involved as m f e d  agencies for required 
en&menM review. 

The U.S. h y  Corps of 
~ u d  ts Seetion 404 of the 
Control Act, hm peranit 

, filling, shoreline structure building, and 
other activities in and adjacent to the navigable 
watere in the United States. The Corps determines 
whether granting a permit wodd be in the public 
interest. Under the Fish and Wildlife @oor&ation 
Act of 1934, any federal agency p m p i n g  to modify 
or control any body of water must f m t  consult with 
the U.S. Fish and Wildlife Service (Service). The 
Service evaluates the possible effeetg of the activi- 
ties on fish and wildlife resources. This required 
oonsultation is typically carried out through the 
Corps pennit procese. Both the Corps and Service 
have guidelines that limit the impacts that variouc~ 
uaes have on wetlands. Where alteration or conver- 
sion of wetland habitat ie allowed, replacement 
habitat is typically required. 

The California Coastal Commission is usually 
the lead state agency to review development per- 
mite in and around Hmboldt Bay. In administer- 
ing the California Coastal Act, the State Coastal 
Commission has retained permit authority on 
most of the lande immediately adjacent to Hum- 
boldt Bay. The policies of the California Coastd Act 
were used to prepare Local Coastal Programs 
(LCPs) for each of the focal jurisdictions around 
Humboldt Bay @Iumboldt County? Eureka, and 
Arcata). The T2CP"s provide the s h d a r h  and 
guidelines by which dwisiom are made by both the 
local jurisdictions and the State Comtal Commis- 
sion. ]en exercising permit juriediction, both local 
governmente and the Stab Coastal C o d s s i o n  
me the Califoda Department of Fish and Game 
ae a referral agency on matters affecting fish and 
wildlife resources of the state. 

The Hulllboldt Bay Harbr, %reation and Con- 
servation District, esta3blished in April 1973, is 
empowered by state statutes to develop H m b l d t  
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 NU- 
b r  7, the Huboldt  Bay Master Ran, which des- 



ieab/ee 1md and water areas and w a  sf the bay 
m SSoUowea: wmmatisna. wabr, development wabr, 
public opn-sghpcs l a d ,  a d c d k d  land, service- 
commercial land, port-related iardustf.fd lagd, 
water-relaLeB i n d w ~ a l  land, nonwabr-nelaM 
indutrial l a d .  The des 
their locations given in 
Inc. (1980). The Wumboldt Bay Harbor D i s ~ c t  
currently owns and operates a 237-slip ma- 
that was c o n e t r u d  in 1981, owns 17 ha of develo- 
pable land, and holds 32 ha of land in reserve for 
mitigation or comrvation. The Harbor Diebrict 
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 Engineem by S d h i a t e s ,  Inc. (1980), 
summarized its by providing advisory 
categories for the lands and waters of the Humbldt 
Bay environs based on their resource values: 

Areas of importance. Those areas unique or 
80 important to the functioning of the Hum- 
boldt Bay e o o s ~ m s  and its aquatic resources 
that potentid dedmction or alteration should 

unlessfoundtobeinthebest 
Areas of importance are espe- 

cially critical areas which should generally be 
maintained in their present state. 
Areas of envimnmental concern. Those areas 
that are environmentally sensitive, in which 
any ww or activity should be carefully con- 
trolled. Areas of environmental concern may 
have multiple uses consistent with mainte- 
nance of their habitat values. 
Geneml areas. Those areas in which new 
development would cause minimal impacts 
on wetlands andother valuable habitat types. 
Such areas might include already altered or 
damaged areas or expansions of exiating de- 
velopment modes. 

In addition to providing federal consultation on 
permit applications, the U.S. Fish and Wildlife 
Service also manages the Humbaldt Bay Nat iod  
Wildlife Refuge, which is authorized to encompass 
approximately 3,162 ha. To date, 3 ha ofthe 
approved refuge area hae been ac . The com- 
pleted refuge would erroompm m08t of Sou& Bay 
and portions of North Bay The refuge will p m k t  
key wildlife habitat associated with migratory 
birds, f i h  nursery grounds, shellfish, and marine 

Me. A p h c i p d  o b j d v e  of refuge 

the various 1 4 ,  date and federal agenciea can 
serve to protact csiticai natural IWOIII-W habitat in 
Humboldt Bay. These policiea should provide ade- 
quate pmtddon for the open-water areas of South 
Bay, North Bay, and the areas mund  variou~ bay 
islande. Other areas of H u b l d t  Bay with less 
rdrictive designatione are more subject to dtera- 
tion. Ae pointed out in the Humboldt County Indus- 
trial Siting Study (Hmboldt 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 ewsystern 
characterietica are important to maintain--a diffi- 
cult task becam agencies have different policiea 
and responsibilities. Hofweber (1982) stated that 
although a variety of management goals exist for 
individual projecte, there ie no overall management 
plan regarding Humboldt Bay wetland resources. 
W d r &  (1982) pointed out that proposed pmjecte 
are currently handled on a case-by-carre basis with 
neither long-term goals nor objectives for planning 
wetlands mitigation. Compensation is the replace- 
ment or creation of habitat type& lost due to devel- 
opment activities. The Hurnboldt County Indus- 
trial Siting Study (Humboldt County 1981) 
suggested the formation of a compensation area 
land bank, consisting of developmental agemi- 
and industries interested in 
tion land; each member would be 
ing to itCp compensation needs. A large compensa- 
tion site would allow for coordination of habitat 
evaluation and enviromenial impact asemment 
and offer the possibility of developing an area with 
greater diversity and greater habitat value than 
several smaller, isolated sites. 

The most aignifi6an.t obstacle to economic devel- 
opment of the Hmboldt Bay region is ik remote 
loeation. The wnomie base of Mu~lkboldt &mty is 

highest private insured emplyme&. However, 



these indu~taimi have bean slowly d in w- 
tual total employment. The major in fw%- 
ties of the foreet indwtq, partidmly tho88 in the 

(Hmboldt county 1981). 
Agriculture ~ R S  hietorically been one of the 

major economic resources of Hwnboldt County. 
Related employment was estimated at  1,900 job8 

in 1977, dam h m  2 , m  in the early l W e  
a decmw b a r n  et d. ( 

s ia wicdkd 
technology. wed t a r s a l  f the? 
Humboldt Bay area (Gal nt of 
Water Resourom 1978) showed that of 7,392 ha in 
agricultural uee, 6,967 ha (949%) was in past=. 

Of the natural remupee-dependent industries 
important in Humboldt County, fmhing appem to 
be one with significant expansion potential (Hum- 
boldt Gounty 1981). Sinee 1981, the Humboldt 
Bay Harbor Fleaeation and Comervation District 
hae completed construction of the Woodley Is- 

Table 6.1. Projected employment and growth mtes by industry, Humhldt and Del No& Counties, 
1976, 1980, and 1985 {Humbotdt County 1981). 

Number of Compoup1.d annual 
employed individuals average growth rate 

Industry 1976 1980 1986 76-80 80-86 

.Agriculture, fomtxy, fiaheriea 
ConsGuGtion and mining 
lMandacturhg 

Lumbar and wood pducta 
F d  and kindred produde 
Other manufadwing 

Trmportation, mrnmunicatio,ne 
and utilities 
Tr&~~~portation 
e0munications and utilities 

Trade 
Wholesale trade 
Retail trade 

Real @hie 

!semi- 
PI- 

Mucation 



Fig. al. Marine lift in South Humboldt Bay launching a commercial oyster dredge. 

land Marina, which has significantly expanded of their income from fish landings in Humboldt 
boat-berthing facilities on the bay. In addition, County in 1983. With the exception of the Pacific 
a boat building and repair yard with a 150-ton oyster, all of the major fish species harvested in 
marine lift has been built in South Bay (Fig. the commercial fishery are taken outside Hum- 
6.1). The Pacific Coast Fisheries Information boldt Bay. The primary fish groups are ground- 
Network (PACFIN) listed 38 trawling vessels fishes (flatfishes and rockfishes), albacore, Dun- 
and 267 trolling vessels that made the majority geness crab, and salmon (Table 6.2). The 

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

1981-85 Average 
Landings per year (1,080 kg) average vdu&ear 

Species 1981 1982 1983 1984 (1,m b) ($1,mI 

Flatfishes 5,376 4,678 3,746 4,m 4,962 4,5@-) 2,487 
hea 5,213 4,592 3,017 a$= 3,248 3,745 1,782 

hnpness crab 1,324 498 366 656 772 721 1 , u  
A l b a m  1,652 82 172 278 1,130 65.5 
Salmon 422 389 116 52 21" 206 Ei91 
Other 3,027 4 , m  2,005 2,005; 2,m 2,9439 1,733 

a No commercial salmon season in Emka-TPinidad zone in 1985. 



Fig. 6.2 bxiunercial trollcaught eaLolon are bought by ever91 Humboldt Bay seafood proemore. 

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 I985 the average price per pound 
paid to commercial fishermen was $2.44 for chi- 
nook salmon and $1.54 for coho salmon vniver- 
sity of California Cooperative Extension Sea 
Grant Advieory Program, Eureka, California, un- 
published data; Fig. 6.2). However, salmon land- 
ings have declined markedly since the late 
197Vs, and only in 1986 and 1987 were there 
kndications of increase in ealmon etocke (Table 
6.3)- The largest eomrnercial fishery inside 
M m b l d t  Bay is oyst;er farming. In 1985, over 
907,000 kg Give weight) of oysters were har- 
vested, representing a value of approxbately 

ity of Califonnia Cooperative 
i ~ h e d  data). 

business, it irp not a large 

was about 10% af the 
in tg, l m h  
p-ion of the Pkehing 

Table 6.3. Euwka-Trinida& t lr>Uuzught chinookad 
& &man landirtgs. @x$ic Efshery M-mslt 
CoWlEil198~JJ.h, ~ m i a ~ m e n t o f E F s h  
o v l d G d m c : p e d c o m e ) .  

L a n W  (thousads) 

Year Chinook Coho 

1971-75 Average 142.1 133.9 
1976 166.4 204.8 
1977 161.2 19.3 
1978 165.2 140.3 
1979 218.4 66.0 
1980 131.3 19.8 
1981 99.7 35.9 
1%2 96.0 28.6 
1983 35.2 26.6 
1984 14.0 3.7 
198Se 3.7 0.3 
19t?-fjb 47.4 5.2 
1987~ 70.5 12.0 

a No c o ~ e r c i a i  salmon semn in Eureka-Trinidad zone in 
1985 
Unpublished preliminary date, California h)ep&ent of 
Fish and Game. 



e c e 3 - 4  f l u d a -  

cil. A bmic problem in egpanding she14ash c d  
in the bay is pollution from human sewage and 
nonpoint so-. Pre~en t l~~ ,  if more than 1.27 cm 
of rain falls within 24 
harvesting for the next 5 
signifcant long perioda 
example, in 1981 Coast Oyster Company lost 82 
working days. Them cl0eure-s result in an unreli- 
able supply to the wholesaler. 

The importance of tourism and recreation to 
the Humboldt County economy is to esti- 
mate because s e m n h  indicatore must be used. 
Dean et al. (1973) forecasted signXicant growth 
for tourism-related sectore of the economy for the 
period 1976-85. 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 sumrner months of 1985, 
approximately 12,000 campers were turned away 
at Prairie Creek State F'ark, 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 at tract i i  people to the area. Water- 
related recreational activities include sport fwhing, 
waterfowl hunting, clam digging, crabbing, sailing, 
small-craft boating, s d ~ ,  skin diving, bird- 

, and beachcombing. Van Kirk and Ahern 
yed nonresident anglers visiting Hum- 

boldt and Del N o h  Counties in 1982. The mean 
length of stay by all visiting anglers was 42 days 
with an average expenditure of $3Vday. Most of 
these anglers fished for salmon. In a survey from 
1967 to 1960, Miller and Gotshall (1965) deter- 
Illiared that an average of 27,144 angler-days was 
expended annually in Huboldt  Bay The Wcxc 
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 p 
ramp was completed in 
opposite the W d e y  fslm 
boating ac~ess to the bay. A 1 
committee report to the HmboIdt Bay Karbr  
Recreation and Conservation District recorn- 

wndsct the &velopment of fishing piass md fish- 
ing "pasbn and the promotion of sport-fiehing 
oppo%ties for Humboldt Bay 

Shipping facilities in Humboldt Bay p M y  
m e  the forest products and petro1eum indwbries. 
&mmodity flows in and out of the bay are princi- 
paUy the export of forest p d u &  and the import 
of petroleum pduc ta  for l d  ~)neumption and 
chemicals for wood pulp processing by the two pulp 
mills located on the Samoa Spit F i .  6.3 and 6.4). 
The number of ve5sels calling on H d l d t  Bay 
average about 350 per year (Shapiro and Amociatee, 
h. 1980). Dee* navigation uses and related 
i n d d  amas occupy about 182 ha of land, h u t  
1.34 of the total land in the Humb~ldt Bay area, and 
about 1Wo of the bays shoreline parcels. Ray (1982) 
stated that signiscant increase in deep-draft navi- 
gation is unlikely in the near future. 

One area of potential new coastal-dependent in- 
dustrial development on HumboIdt Bay is support 
facilities for Outer Continental Shelf (WS) oil and 
gas development. Through the exploratory drilling 
phase, the only facility required would be a t e m p  
rary service base to serve as amaterials 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 W S  facility to 
shore, gas pmce~sing facilities, and an oil export 
termbud. Such facilities would booet the l d  econ- 
onay, but at the same time would quire dredging 
and pier or dock e o ~ c t i o n  at  selected sites in 
Humboldt Bay ( H d l d t  County 1981). 

Environmental Concerns 

A report by the California Department of 
Health Service (1988) gave the status of Huxnboldt 
Bay water quality since the connpletion of wade- 
water treatment projects in Eureka and k c a h  
(1982-87). Impmvements made by these projects 
virtually eliminated a chronic wet-weather pmb- 
lem associated with the discharge of raw or par- 
t i d y  treated sewage. Commercial sbeKfsh-mw- 
ing areas with a conditionally approved 
classification, such BE Wu~nbsldt Bas are w u d y  
closed to harvesting and &p. rain 
These doswes are k a u s e  bay water 
qudiw degrades fail 
runoff, surface turbanlenw, andB o v e r l o a k  of 
wastewater eolleclion facaities. Until 1947, tlae 
closure rule stahd that whenever them was 



Fig. 83, Export log dorage area located adjacent to south Numboldt Bsy. 

m. 45.4. C h  of (lf pdp mills located an tIxe North Spit of N[mboIc%L Bay. 



1.27 m of r d d  or mow in my 24-h pgd, &e 
bay wodd b c1-d b she&h h m w t k  for 
5 drtye & Wi& tihe mmp%etio]a. of &e 
wmhwabr aa& pmj& in I%?, the rule 
wau, m a l e d ;  the Gday e1m.e t h e  wm d u d  
to 2 dagrs for 1.27-2.58 em s d d  and 3 days for 
rainfa exeeee$ing 2.64 in 24 h. 

The 1988 report 

rainy peri&. ltvo 
are- of prime concern were the Elk River vdey  
and the Areah Bottom between the city of Arcata 
and Mad River Slough. Ch infa3lnmamge- 
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 

periods, the gulls move to the local solid waste landfill 
where they feed on various waste materials or to the 
h t a  wastewater treatment plant where they 
feed on raw sewage entering the plant at  the pri- 
mary clarifiers. Data indicate that sea& return- 
ing ta the mudflats af'ter theee feeding excursions 
contribute signScant levels of fecal coliform to bay 
waters. In 1988, Arcata screened the primary clari- 
fiers to prevent gull aceese. 

Tributylin 0, an effective antifouling agent 
used in marine painte, is also highly toKic to most 
aquatic life. Stallard et al. (1987) monitored TBT 
in California coastal waters and noted that where 
TBT comntrationa are above 100 parts per tril- 
lion (pptr), there are usually abaencea of fauna, 
especially muasels and macrophytes. In general, 
California coaabd waters contain less than 20 pptr 
TBT. &cept for a sample taken &om a shipyard in 
South Bty, all 1986 Humboldt Bay w a k  samples 
were well below 20 pptr TBT. The shipyard has 

articulate separator h u g h  which all 
clean boats paases. This has helped 

to alleviate the 'FEET problem and oystem are now 
being grown come~cially at the shipyard boat 
dock. Since 1987, most boa& less than 24.4 m 
c m o t  use as an antifouling agent. 

At the Woodley Island Marina in Hmboldt 
 bay^ storage are located below each dock 
into which te are allowed p 03 and 
water from boat bilges. These are pri- 
odicdy empt oil and water wpwakd; 
the water t Eureka% sewer sy~blm, 

m d  the 02 h mnt ta the lwd  

the water so &at $-tic and o k  wastea are less 
k l y  to end up in the bay (Jack Alderson, Hum- 

unintentional contaminant &at,& with W s ,  
ean enter the bay during dorm events &om lum- 
beryard~ that uee PCPs as a fungicide. Dioxin also 
ocwm in the wastewater of the two pulpmills on 
the North Spit. Even though this wastewater is 
diecharged on the mean side of the North Spit, 
aerial photograph of the effluent plume indicate 
that the plume is sometimes carried by currents 
and the incoming tide into Humboldt Bay (Frank 
F'almer, &Regional Water Quality Control Board, 
personal communication). 

Selenium (Se) concentrations in water and in 
the tissues of scotera were compared for Hwnboldt 
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 
0.61) parts per d i o n  (ppm) Se in muscle and 2.5 
ppm in liver. These levels were significantly lower 
than those from Suisun and San Wblo bays, which, 
in early winter9 averaged 5-6 times higher than 
Humboldt Bay in muscle and 10-11 times higher 
in liver. By late winter, Suisun and Sari FabIo 
samples were 10- 14 times higher Lhan Hmboldt 
Bay smplee in m w l e  and 14-22 times higher in 
liver samples. Water coUedea from Humboldt Bay 
in January 1988 contained 0.05 parts per billion 
Oppb) and 0.06 ppb diesolved total Se on low and 
high tide, respectively. All water samples h m  
Suirsun Bay and 14 of 16 samples fru,m San P&lo 
Bay contained Se concentratiom Ggher &an in 
Humboldt Bay. Ailem concentrat 
times higher than in Humboldt hy. 
concentratiorn of 0.05-0.06 ppb 
there is no Se enrichment of H m h I d t  B y  waters 
from anthropogenic sources. 

f H m h l d t  Bay, the bay is 
r t h a n ~ e m l o s e d h y h  



Chapter 7. Research and - 

Management Information Needs 

Despite the efforts of academic, agency, and 
other weearchem, information on biological com- 
munities and their s t r u a  in Humboldt Bay ie 
rudimentary. Available evidence suggests that the 
distribution of many planta and animals is linked 
to the occurrence and distribution of various sedi- 
men&. The eourcse of sediment, the general physi- 
cal profite, and distribution of sediments in the bay 
are known in broad t e n .  To provide detailed 
infomation on the relatiom of the physical and 
chemical charaeterietics of bay sediments with the 
variou~ plants and animals that live on and in 
them, a sediment study should be made of three 
comparhenta of the bay; sediment pH, oxidation- 
duc t ion  potential (Eh), organic content, biologi- 
cal oxygen demand @OD), presence of potentially 
toxic metals or compounds, and factors, including 
h u m ,  which influence the sedimentary environ- 
ment should be deb&&. 

Mt;bough several years of sampling have re- 
sulted in a reaeanably accurate list of marrasoopie 
plants and -als for Huaoboldt Bay, there is still 
little mdershdiag of how these biological enti- 
ties interact. Chmmon patterns of competition and 
pmdatioa h o w  from general ecological prin- 
ciples md studies in other temperate marine em- 
biPenb. h estimates of primary and 
m n d a r y  produ&vity are rnwtly dependent on 
e-p1atiom of data firom m d e  estuarias of the 
AtlanLic mast rPnd e m  the waet of Europe. De- 
tailed irnvestigatiotlg should be fwused on pre~isely 
how n u e r i d y  abmdmt species interact. Such 
investigat;iom wil l  require field smd: laborato~ 
approaches and should use ee@kical advan= 
such as remote devices to doatmet, 
bteradiom. 

The e@alogi~d enerpt ie  of t 
general tern. A 

pductivity of the 
pass &ugh irngartant mimprodu@ers (baderia, 
algae, diatom) and nnimomauners (bacteria, 

pmtowans, m i o f a d  organisms) before it be- 
cornea available to other consumers. It would be 
useful to document the fate of primary plant pro- 
ductivity and the relatiomhip of macrcmopic plant 
productivity to microbial processes. Such informa- 
tion would improve our understanding of the popu- 
lation d w c s  of deposit-feeding rinimals 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 rn 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 signjficantly. 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 channeb. 

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 (5-60 a), 
it, Loo, will cause change8 in circulation and flush- 
ing pattern, acxelerate erosion of marsh lands, 
dikes and sand spits, and cause 
areas. These problems should be 
pmted bay resaurces for the f u h .  Bay develop- 
ment, resdaration* and mitigation projsdts should 
take irzb account P i r h  chagee in Ma level and 
ateendmt pmblerns. 
h the Hmbo1dt Bay National Wildlife Refuge 

expan& through acquisition of land adjamnt to 
the bay, op es for the a d & t h  of h h -  



wabr? b wahrp and d t w a h r  m m h  

W~&GQ%PBI fop Bopla8 

mation on m m h  pmc%~cLivi&~ elp8eies bkrac- 
tiom, and m m h  bcdion to k t  

&bribution of 
and anim&. One activity may c a w  only a slight 

, but combined, the negative impah of 
many u w  can be cumulative and perhaps muIti- 
plicative. For example, what effect does i n c r e d  
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 organism associated 
with the eelgrarrs wmunity? From a manage- 
ment perspective, the California Department of 
Fieh and Game would like additional abundance, 
distribution, and life history information on com- 

fish species, pdiculmly 

taB U L B ~  of Hmbo1dt Bay and the surrounding 
area increases, ineidenws of pollution will prob- 
ably ale0 inmase. The 
Fish and Game (Hein and 
fonnia, klplpubbhed data) 

e pollution eoureea into Humboldt Bay. That 
ahodd be updated and samples from srue- 
murces should be co11ecbd and Bnal* 

periodically. The contamination of bay water, bot- 
tom se<jHiments, and o r g h m e  is a major concern, 
and studies to teat con-t effeds on the 
system and its fundion should be carried out. 

Decisions concerning the bay are now being 
made without the information previously dis- 
c u d .  Many actions taken may be irreversible, 
and some may have long-term advense h p a &  on 
fish, bids, mammals, and other biota of the bay. 
A d h i n g  these information needs in the near 
future is important to the preservation and en- 
hancement of bay resources and to the region's 
eeonomy as well. 
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Species Common name ~ a b i t a t ~  Remarks 

Rlychaeta (continued) 
Magelom pacipica 
Magelom pitelkai 
Magelona sacculata 
Mediamastus californieasis 
Mellina oculata 
Mesochaetapterw taylori 
Nuinereis sp. 
Nmnthes sp. 
Nephtys areaides 
Nephtys aalifarniensis 
Nephtys femuginea 
Nephtys pama 
Nereis p m m  
Nereis sp. 
Nothrla sp. 
Notomastus tenuis 
O p h l i a  assirnilis 
Q p b l i a  m a g m  
Owenia milarb 
Pateombbts bellis 
Pamanis gmcilis 
Phloe glabm 
Phloe tubemlata 
Pholoides curpem 
Phrugmatt)poma mlifornica 
Pilurgis maculata 
Pkiane mmota 
Ptsh eristerk 
Pista pacifficrr 

Phtymreia biarmlicuhta 
Phtydora b m h y c e p h ~ l a  
filydom l e i  
I)okydom py&ialis 
Pblydom sseialk 
Pbkydam urebsteri 
Prionosp M cirrifem 
PmWwillea gmcilis 
Psmdopolydom kempi 

Bristle worm 
Bristle worm 
Bristle worm 
Lugworm 
Polychaete worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Bristle worm 
Thin red worm 
Bristle worm 
Bristle worm 
Tube worm 
Bristle worm 
Bristle worm 
Polychaete worm 
Pblychaete worm 
Polychaete worm 
Tube worm 
Polychaete worm 
Polychaek worm 
~ r & t l e  worm 
Bristle worm 
Bristle worm 
Tube worm 
Spionid worm 
Spionid worm 
Spionid worm 
Spionid worm 
Spionid worm 
Spionid worm 
Bristle worm 
Spionid worm 

Bores in shell 



Wanut worm 

Spoon worm 
Fat innkeeper 

Green plume worm 
Plume worm 

On shell debria 

-- -- 
Specie~ Common name Abundancea ~ a b i t a t ~  Remarks 

8 
- 

Fblychaeta (continued) i? 
&bellaria. wmentarium Rume worm C Ro Attached to shell debris 
SabellariQ: gracilis Rume worm C Ro Attached to shell debris 

E 
h l i b q g m a  infbatum Bristle worm 0 Sa,Mu 
Schiatomeringoa longimrnis Rlychaete worm A Sa,Mu 

E 
Smkkpia  sp. Spionid worm R Mu 
S c o h p h  sp. Bristle worm Sa,Mu 
Serpule: vermicularis Plume worm C Ro 

e 

Sphuemgyllis culiforniensis Syllid worm A Sa,Mu 
Spio filicomb Spionid worm 0 Sa 
S p i o p h s  anoc7ukrb Spionid worm 
Spwphanes berkleyorum Spionid worm 0 Sa,Mu 
Spiophaneii hmbyx Spionid worm A Sa,Mu 
S k m p s i s  fossor Bristle worm R Mu 
Sthenetais berkeleyi Bristle worm C Sa,Mu 
Sthemlais krtiaglabmta Bristle worm R Mu 
Streblowma cmssibmnchia Bristle worm R Mu 
Streblospia b d i c t i  Spionid worm 0 Mu 
Tenonia ki~eaperuris Polychaete worm 0 Sa,Mu 
Thuryx monilaris Brietle worm A Sa,Mu 
W r y z  multifilis Bristle worm A Sa,Mu 
k h k t a  fmrumoanum Bristle worm R Mu 
T'osyllia fasciakt Syllid worm C Sa,Mu 
Typosyllis hyalim Syllid worm C Sa,Mu 

ArchiameIida 
Eblygorcliur, sp. 0 Sa 
S d r m s  sp. 0 Sa 

Sipmcula 
Goldfingiu hespem C Mu 

Echiura 
Listldolobult pelodes R Mu 
Ureehis mupo C Sa 

Phomnida 
P h o m p s k  v i d i s  A Sa,Mu 
Phomis  pull& R SYrn 

Among eelgrase rhizomes 

In eelgram beds 

InUpagebiu burrows 





--- 
Species Common name Abundancea ~ a b i t a t ~  Remarks 

2? 
-- m 

Cisripedia (continued) 
Semibalanus rxx&ms Thatched barnacle C bpi i! 

'L* 

Cumacea 
Cumacea sp. 
Cumella vulgaris 
Diastylis ap. 
DiastyIspsLs dawsoni 
EudoreEla pucifka 
Lamprops sp. 

Decapoda 
Callicmasm atbiforniensis 
CaElMnassa gigas 
C a m r  antennarius 
C a m r  a n t h y i  
Caneergmilis 
C a m r  magister 
C a m r  pnxluctus 
Cmngon ~ c o r u r n  
Cnangon nigricauda 
Crangon nigromaculuta 
Cmmgon stylirostrk 
Emerita analoga 
Hemigmpsus nudus 

Cumacean 
Cumacean 
Cumacean 
Cumaman 
Cumacean 
Cumacean 

Ghost shrimp 
Ghost shrimp 
Rock crab 
Yellow crab 
Slender crab 
Dungeness crab 
Fied crab 
Bay shrimp 
Black-tailed shrimp 
Black-tailed shrimp 
Bay shrimp 
Sand crab 
Purple shore crab 

Estuarine 
In gut of Mytilus e&lb 

Intertidal, beaches 
Intertidal 
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Species Common name Abundancea 13abitatb Remarks 

83 
-- w 

Mollwcca 

Bivalvia 
E 

A h k t  diegenau 
Axinopsida seraicata 

E 
BQnkia setwea 

i? 
'8 

C l i m r d i u r n  nuttabiii 9 
w 

Hinnih giganteus 
Lyonsia azli&mioa 
Macoma balthica 
Mmrna ideartata 
Macoma irtquimta 
Macoma -&a 
Memnaria memenaria 
Mya a ~ m r i a  
Mysella tumida 
Mytilue edulis 
Mytilus califomianus 
Ost7va lu* 
Ostma eduli~ 
Panopea generoea 
finitella penita 

Pmtothacn s t a m h a  
Bmtothacn tenerrima 
Sasidomus giganteus 
Saxidomus nuttalli 
Siliqua patula 
Sokn sicarsiua 
lbgelus mlifbrnianus 
Tapes japonka 
Tellina bodegensis 
Tellina mcxLesta 
Tbllina nucubides 
Tmnsennella tantilia 
Tnclsus capax: 
%aus nuttallii 

Pacific shipworm 
Basket cockle 
Giant Pacific oyster 
Gem clam 
Rock scallop 
California lyonsia 
Baltic macoma 
Identate macoma 
Inquinate macoma 
Bent-nose clam 
Quahog dam 
Soft-shell clam 
Clam 
Bay mussel 
California mussel 
Native oyeter 
European oyster 
Geoduck 
Common piddock 
Wtricolid clam 
Rock oyster 
Pacific littleneck 
Thin-shelled littleneck 
Smaoth Washington clam 
Common Washington clam 
Razor clam 
Sickle razor clam 
Jackknife clam 
Manila clam 
Bodega tellin 
Modesta tellin 
Tellin clam 
Little transemella 
Gaper clam 
Gaper clam 

Bores in shale, mudstone 

Bores into pilings, wood 

Introduced, harvested 

Estuarine, possibly introduced 

Introduced 
Introduced 

Introduced, culkmd 
Very deep burmwi-ng 
Bores in mudertone 

Near bay mouth 

Introduced, cultured 
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Species Common name Abundancea I3abitatb Remarke 2? 
GaetPopcxia Cmnthued) 

Tkgula b m n m  
?"ernla firmbrulis 
Tttrbonilksi ap. 

A m p M i a  accidenkilb 
AmphiphoEh ap. 
Dendmi*.r vroentricus 
Eupentacact quinquesemita 
LeptasteTMs pusilla 
teptosynaptst albiavts 
Pkwter brevhpinus 
Piswkr ochnzceous 
Pycnopdia heliantho*s 
Stmngyhntrohrs purpumtus 

Brown tegula 
Black teguia 
Snail 

Blue chiton 
Black chiton 
Notched chiton 
Hairy chiton 

Brittfe etar 
Brittle star 
Sand dollar 
White aea cucumber 
Six-rayed sea atar 
Sea cucumber 
Short spined sea star 
Common sea star 
Sun star 
Purple urchin 

Near bay mouth 
Near bay mouth 

Near bay mouth 

Near bay mouth 
Near bay mouth 

Near bay mouth 

Near bay mouth 
Near bay mouth 
Near bay mouth 

Bowerbankin gmcilis Bryozoan C Ro, Epi, Pi 
w k p a c i b  Bryozoan G Ro 
Criaiiz &ntalis Bryozoan C Ro,Epi 
Mem bmnipoa mem b m a  Bryozoan C Epi On eelgram bladea 
Schizopnello; u n b m i s  Bryozoan C Pi,Epi 
l"rdcel1ari.a occidenkilis Bryozoan C Ro,Epi,Pi -- 

"A = abundant, C = eonunon, 0 = occasional, R = rare. 
b ~ p i  = epifaunal or epiphytic, Mu = mud, Pi = pilings or other artificial etsuctmes, Pk = planktonic, Ro = rocks, Sa = sand, Sym = symbiotic. 



Appendk C, Fishes of Hwmbolldt Bay 

Data on relative abundance, life history, habitat use, and season of occurrence am adapted from reporb and records compiied by Gotshall eL d. 
(1980) aad Shapiro and Associates, Inc. (1980). Nomenclature follow usage of the American Fisheries Society (R~bins et al. 1980), as updated. 

Life history type b Season of 
Commonname Atadanma E L J A HabitatC OCCurrem 

d Taxa 

Family Retromyzontidae 

Lanpet m t ridentata 

Family Nexanchidae 

Nobrymha mmla fus  

Spawns in bay tributaries Wcific lamprey 

Sevengill ehark 

'ICSFW, CR 

DTS, STS Current small commercial 
and recreational fishery 

Soupfin ehark On*? record, caught by 
angling 

Brown moothhound 
Leopard shark 

STS, MF 
Dl%, STS, MF 

All 
All Current small commercial 

and recreational fishery 

Family Squalidae 

Squalue clmnthias 

Family Piajidae 

Raja binaculata 

Spiny dogfish 

Big skate 

s m ,  MF 

STS, MF Sometimes taken from 4 
WSSW piers by anglers 

One record 

Family Dasyatidae 

Umlophus halleri 

Family Myliobratidae 

Mylwbatis rrrlifanica 

Round stingray 

Bat ray 

DTS, MF 

DTS, STS, MF Sometimee taken from 
piers by anglers; preys on 
commercial oysters in bay 8 

E 
j: 



Life himay type b Seaeon of 

T a a  Common m a  d 5 
- -- 

E L J A  HabitatC occurrenw Remm-Fuke 
----- E' ,-. 

One record, dipnetbd 

k 
g 

Acipemr medimtrb Green sturgeon 0 X X M"S,STS,MF S1 F, w 
Famiiy @hichthidae 

OphkhthLLg ~~phOChir Yellow snake eel 0 X X DTS,STS W 

AEsm sapklkesina American shad 0 X X STS,MECR SF S 

Pacific herring A X X X X DE3, S'I"S,MF,P All 

Family Engrauiidae 

E~grauZis non;lax Sorthem anchovy A X X X X DTS,STS,EJ All 

Cutthroat trout 0 All 

One record 

Not known to spawn in 
bay tributaries 

Spawn on eel gram in 
winter; lanrae m d  
juveniles in bay to f d l ;  
mall commercial fishery 
on adulte 

Only three recarded fmm 
the bay 

Woughout the bay Faa 
scattered wtzoclfs Iw 
summer and fdl;  &we& in 
winter; eggs and l m a e  in 
spring; impoPLant forage 
fish 

Remnant ppulat iom in 
bay t r i b u t q  &warns; 
numbers severely degreeed 



Life history type b Season of 

Commonname Akmmkm# E L J A HabitatC occurrence d Remarks 

Family Salmonidae (wntinued) 
rhymhus kisutch Coho salmon C X X DTS, STS, All 

TCSFM! CR 

h r h y n c h u s  mykiss Rainbow trout C X X TCSSW,CR, All 
TCSFW 

Chinook salmon C X X DTS,STS, All 
TCSFW, CR, J 

Fanily Oameridae 

AIEosrnems elongatus Whitebait smelt 0 X X STS,DTS Ew,s 
Hypomesus pivtwsus Surf smelt C X X X STS,DTS All 

S p i k h u s  starhi Night smelt C X X X STS,M's All 
Spirinchs thakidtthys Longfin m e l t  A X X X X STS,DTS,CR All 

afkQkiGht hys paeifias Eulachon 0 X STS,DTS W 

Fmily @ o n c > M a ~ d a t ,  

Benttooth bristlemouth R X 

F d y  Myctophidae 

Stembmhiw hooperrnus Northern lampfish 0 X 

ms 

m 

DTS 

Adults migrate through 

juveniles use bay as nursery 
habitat; summer adults 
move in with tides b feed; 
anglers take from jetties 

Adult migrate through bay 
to spawning; tributaees; 
juveniles may use bay icna 
nursery habitat for &ort 
time; abundant in 
tributaries 

Same as coho salmon 

Spawning habits unknown 
Spawns in marine waters 

Same aa surf me l t  
Probably spawns in 1 

freshwater tribut;%ries on 
Humboldt Bay 

Ascends freahwakr ! 4 
&reams to spawn but not 
reported in Humbaldt Bay 8 
tributaries 

Meeaplagic species Bd 
.% 

Oceanic species, probably 
carried into Numbolclt 

Bay during very high tides 
Same as northern 

lampfish w 

S 





X X  X  X X X X  X X  X  X X  X  X X  X  X  

X X  X  X  X X  X X  X  X X  X X  X  X  



X X X X  0 

X X X X  3 

X X X  
X  X  
X  X  

X 

X X X  
X 

X X X  
X X X  

X X X X  v 
X  X 0 
X  X 0 



X  X  X X X X X  X  X X X  X X  X  X X X  

X X  X X X X  X X  X X X  X  X  





Appendix D. Birds of Hurnboldt Bay Environs 

Appendix data are from reporter and record8 compiled by Shapiro and Associates, Inc. (1980) and S.W. Harris (Department of Wildlife, H m b l d t  
State University, Arcata, California, unpublished data). Nomenclature followa usage adopted by the U.S. Fish and WildlZe Service (Banks et d. 
1987). 

Statusa Habitat useb 

Taxa 

Family Saviidae 

Red-throated loon C C a C  C P P S 
Pacific loon C R C R P P S  
Common loon C U C C P P S  
Yellow-billed loon - - Ca Ca P P S 

Milymbus p o d b p s  Pied-billed grebe U U U U  S 
Podieeps auritus Horned grebe C C a C C S  P P  
Mic@ps& Red-necked grebe U C a U U P  S 
h"oalI"ceps n ~ ~ k l i s  Eared grebe C - C C S S 
Aechmophoms ocx7idenfuli.s Weatern grebe C U C C P P S  
Aechrnophama clarkii Clark's grebe Ca - Ca Ca P P S 

Family Hydmbatidae 

Family Rlecmnidae 

Pelannus erythmrhymhas American white Ga - Ca Ca 
Pelannus d n t a l i s  Brawn pelican R C C R P P S  

PbLaEnrroooras mritucr Double-crested cormorant C C C C S P P 
Phi-raa: penicillatus Brandt'e cormorant C C C R P P S  
P h m r a x p  s Blagic cormorant C C C C P P  
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Status* Habitat useb 

Taxa Cormnon name Sp S F W Ent Deep Smal Eelg Sand Mudf Open Salt Wrac Dike Shrub f i n d  Jet% - 

Family Scoiopacidae (continued) 
HetetwsceLus incanus Wandering tattler U R U U  P 
Actitis macrslaria Spotted sandpiper U U U R  S S S S S 
Numenius phaeopus Whimbrel C U U R  S S S  S S S  S S 
Numenius amerkznus Long-billed curlew U R U U  S S P  S S S  S S 
Limosa h m a s t i c a  Hudsonian godwit Ac Ac Ac - S S 
Limoea lapponh  Bar-tailed godwit - Ac Ac - S S 
Limssa fedoa Marbled godwit A U A A  P S P P S S P  S S 
Atemria interpres Ruddy turnstone U R U R  P S S S S  S S 
A m ~ ~ t i a  melamaphalu Black turnstone C R C C  S S S S S S  S 3? 
A ~ ~ F & u  uirgatu  Surfbird U R U U  P 
Galidria ~vvbutue Red knot U Ca U Ca S S P S S P  
Calidris alba Sanderling U C a C  C P S S 
Calidria pusilk Semipalmated sandpiper Ca Ca Ca - S S 
Calidris mauri Western sandpiper A U A C  S S P S S P  S 9 
CalidTis ruficallia Red-necked stint Ac Ac - - S S 
Calidrk minutilia Least sandpiper C U C C  S S P  S P P  P S 
Calidrie baidii Baird'e mndpiper Ca Ca U - S S P 
Galidria melanotoe &bra1 sandpiper Ca Ca C - P 
Cabidria aarminata Sharp-tailed sandpiper - - Ca - P 
Calidris ptikKnemis RoGk sandpiper R - R R  P 
Galidria alpina Dunlin A C a A C  S S P S S P  P S 
Galidria himuntopus Stilt sandpiper - R R -  S S 
Philomachus p~cgnax Ruff - Ac R - P 
L i m d m m u a  griseus Short-billed dowitcher A C A R S S S P S S P S 
Limnodmmus swlopaceus Long-billed dowitcher C - C U S S S S P 

Common enipe C C a C  C S P 
Rhalampus tricolor Wilson'a phalarope R R R -  P 
Phalampus lobatus Red-necked phalarope C Ca C - S S S P 
Phcrlampus fuliarritls Red phalarope U C a U R  S S S P 

Family Laridae 

Stemmrius pontarinus Flsmarine jaeger - - U - P P S 
S~envmrius pamsitinrs Parasitic jaeger - - U - P P S  
Lams atricillcz Laughing gull - Ac Ac - 
Lams pipixazn PranMin$ gull R Ca R Ca 
Lams minutus Little gull Ac - Ac Ac 
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Statueu Habitat urnb !G 
Tam 

Lam ghikEctelphia 
&anre heernamni 
Lams mud 

Lams dehufamis 
Lams oalifimicus 
Lams awntau 
Lams thayeri 

Larue h3rperhms 
BLw tridacyla 
Xema ecabinf 
S t e m  w p i a  
S t e m  e 
Stem him& 
S t e m  firsten' 
S t e m  antilkanim 
Chl idonb  niger 

a m o n  black- 
headed gull 

&>rrrapabte's @l 
Pfmwaran'fi gull 
Mew gdk 
Ring-bill4 gull 
California gull 
Herring gull 
Tliayer's gull 
Western gu91 
Glaucous-winged gvlI 
Glaucous gull 
Black-legged kittiwake 
Sabine'a gull 
Caspian tern 
Elegant tern 
Conanon tern 
Forskr'a tern 
Leaet tern 
Black tern 

G R C R  S S P  P S 
C a C C C a P P S  S S S P S 
C - C C S § S S S S S  S 
C R C C S S S S § S S S S S  
C R C U S S S  S S 
R C a R R S  S S S S 
Ca - Ca Ga S S S S S 
A C A A S S P P S S P S S P  
C U C C S S P P S S P S S P  
R - R R S S S S  S S S  S 
R C a R R  S S S - - Ac - 
C C C -  P P P P S P 
C a R -  S P S  P P S 
U R U -  S P S  P P S 
R R U C a S  S S P S 
Ac Ac Ac - S S 
Ca Ca Ca - S 

UfM ad& Common mune U  C U C a P  P S 
Cepphus mlternba Pigeon grullemot R U R - P S  
Bmchymmpt(urs marmomtus Marbled rnurrelet R R R C a p  S 

Colurnh Zivia Rock dove C C C C  
Zemtdcr m m u m  Mourning dove R R R -  

Family Tyhnidae 

at0 al6a Common barn-owl U U U U  

Family Strigidee 

Bubo uirginknucl Great horned owl R R R R  
Nyctea mndiaar Snowy owl Ca - Ca Ca 
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Tsma; Common name Sp S F W Ent D e e p W  Eelg Sand Mudf Open Salt Wrac Dike Skub Pond JeM. 

Family Strigidae (antinued) 
Atherra arniarhria Burrowing owl Ca - Ca Ca 
A8b fkrmmeus Short-eared owl U - U U  

Family Apodidae 

Chaetum rjauri Vaux's swift C C U -  

Family Trschilidae 

Calypte anna Anna'ehummingbird U U U R 
S e b p h o m  amin Allen'e hummingbird C C u - 

Celyb a b o n  Belted sher C C C C  

SphympiQIs m b r  Red-breasted sapeucker R R R R 
h i d e 8  grrbemm k w n y  woodpecker R R R R  
Pttoidee vilkrsus Haiv wcxxfpeeker R R R R  
Colapters aurntus Northern flicker C C C C  

Empidonax tmillii Wiflow flycatcher R C a R -  
Empidom1: difficllla Western flycatcher C C U -  
Sayomis n&icam Black phoebe C C C C  
Myiarchulr ctremcens A s h - h b d f l y c a t c h e r  R R R - 

Family Himndinidae 

Purple martin U U U -  
M - t a  b b b r  Tree swalIow C C C R  
M y c t n e t a  thahsina VioIet-green ewallow C C C R 
S t e W p k q z  serript'nnis Ko&ernmugh-wringed U U U - 

swallow 
RipcrPia r i p r i a  Baak swallow Ac Ac Ac - 

S 
S S S S S  
S S S S S  
S S S S S  







- & - - - -  - - -- Habitat use %I--- - '---- +-J 
StatusR s 

@XL- C m a a n  u s  SP S F W Ent D e e p W  Eeln Sand Mudf Open Salt Wrac Dike Skrub R o d  Jett - F ,-. 
Faaify Em&scb.jzidae (mntinued) 

CsaamonpUo-het C C C R 
Wilmn'e warbler C C C Ca 
Weatera tanages U h ; t ~ -  

hnhs  Black-headedgsosbd R R R - 
Pipiberytkmphhlmue Rufbus-sidedtowhee C' - C U 
S p k l l a  m9erina Ctzipping PlpaPmw ' C T ; G - -  
,Spirella pallidea Clay-colored sparrow - - Ca - 
Pbaemtes gmminaLs Vesper sparrow Ga U Ca - 
Chondesks gmmmacus Lark sparrow Ca Ca Ga - 
Parrgembud mndwkknsk Savannah e p m w  C C C c  
Paase~lka i l b a a  Fox sparr0.w U - u L i  
MeEosptm nzelodick Song epamw C C C C  
Metospiza Z k l n i i  Lincoln's spamw U - U ' C  
Melospizrt g m w h  S w m p  spamw Ca - Ce Ca 
Zomtrichia aibrixsltis mite-thoatedsparrow R - R R 
Zomtrik.hk atsicnpillcl Golden-cromed sparrow C - C C 
Zonotrichta leueaphq~s White-crowned sparrow C C C C 
Junco hyemazlis Dark-eyed junco C - C C  
Cahritle l a p p o n b s  Lapiand longspur - - Ac Ac 
Y l e c % r o p h  niualis Snow bunting - - Ac Ac 
%lickonyx oryziuorue Bobolink Ca Ca R - 
&latUs p h n h s  hd-wingedblackbird C C C U 
Shmelbor ne;gle& Wes&mmeadawiark t' U t' U 
ELIphagus c y m p h a l u s  Brewer'a bl ackbisd C C C C  
& p W s  mrolinus Rusty blackbird - - Ca - 
Mulothms a k r  Brown-headed cowbird C C C R 
XantiuxRp&gyLtM* Yellow-headed blackbird Ca - Ca - 
Ickrus gcrlbula Sorthem oriole U U U C a  

Frin$iltu m u n t i f w l l a  Brambling - - Ac - 
Carpodants purpumus Purple finch U R U U  
Ca s n e x k n u s  House finch C C C C  
G a ~ e l k  phus Pine siskin R - R R  
CaduelL psaltria Leerrer goldfinch U U C ' C a  
Can;luelia insti8 American goldfinch U C U C a  
Eoria cumin~stm Red crossbill R - - -  

P S S P  
S  
S 
S 
S  
S 
S  

S s 
S S 

P S S S S  
S 

P S S P S  
S S S S S  
S S S S S  

S 
S S 

S S  
S 

S 
s 

S S S  
P S S S P  
S S S S S  
S S S P S  

S 
S  s S s 

S 
S 

S 
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S S S P S  
S S S  
S  S S 
S S S 
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