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This Paper reparts ohservations made hvy the anthars on
macrohenthic infauma accurring in +idal flats in Willara Bav.
Washingtaon during the summer nf 1278, Features aof the
macrabhenthic infauna chserverd inclode diversity, densitwy. and
dietribution. These ahesrvationsg are part af a larder atudy of
depnsitional pProresses and facies characteristics of modern
estuarine dernsits,

Genladiste from the L. S, Genladicral Survew have haen
conducting studies of modern and ancient envirommente in onr
near Willara Rav during the last several vears., Results of thece
studies are reparted in Tliftan and othere (31974), CYlifton and
Fhilliee (1972, 3192800, Hill and Thin (1972, 17310, Anima (19277).

Luyerke and Cliftan (1972), Hil1l (i920), and Chin and 31T (1900,

ENVIRONMENTAL SETTING

The fallawing descrirtion of the study area ic mainly a
evnthesis of informatinn contained in Garrett and others (1924720,
Andrews (1245), Clifton and FPhillieps (1978), Anima (1979, and
Hill (12500,

Willara Rav. a crnastal plaine estuary, is larated on the
ennthwestern Washingtan crast arproximately 47 km ronrth of the
Columbia FRiver mouth (Fig, 1), The Bavw is a complew estuary

compoaed of three larde and several amall estusries forming a

water area af about 275 km o, The sindle havw resulted from the
farmation of a 57 bm long sand kar (North Bearh FPeninsola)
extending noarthward from the mainland.

The Raw entrance is about & kn acroas and deneral iy
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nhetructed hbyv larde sand shaals., Twa main channels accur within
Willara Bavy (Fig. 2). The sauth channel (Nahcatta). abhout 2% bm
landgs is pProtected from oren water hbv the North Beach Peninsutla.
The other channel runs east from the Bavy mnouth for aprrowimatelw
19 km and is the mouth of the Willara River. the lardest
tributary flowing inte the hav., Water derpths in the main
channels vary from ahbhout 6 to 25 mt widths rande arproximatelr
from 20 to 2200 m. Both channels stow a somewhat sinuous
configuration which is influenced bv the tides.

Extensive tidal flats rerresent more thanm hal+ the hav area,
extending ur to a kilometer offshore Tocallv.  Two main
enviraonments comrose the tidal flats (D1ifton and Fhillies,

193R0): (1) intertidal flats which are inundated by astronomical

tides, and (2) supratidal flats which are inundated by a
camhirnation of astropomical and meteorlogical tides., Locallw,
salt marsh envirornments occur between intertidal and supratidal
flats, Runoff channels cronss the tidal flats. Hedimente on the
tlate rande from well sorted sand near the main channels to claw
toward the urpper reaches of the tide flats (Fig., )., In the
southern rart of the Bav. tidal flats are muddier due to
derreases in water circulation and well develapred salt marshes.
Sections of the north Bayv also have dense vesetation on the
flats.

The main controls over climate in the North Pacific are the
semirpermanent hidgh and low pPressure redions. terrain, and the
ocean. [During the summer. when a semipermanent hidgh pressure
cell predominates, air flow is northwesterlyvs, caal. and

relatively drwy. In the winter, the Aleutian Tow pPressure



rerplaces the high. Air flow hecomes sauthwesterly and brinsge
moist air anshoare. Willara Rav experiences dale force winds
during winter storms.

Mean annual precipitation is about 220 cm. Moanthlw
preciritation is least in Julv/August (4 cm) and dreatest in
Decemher (235 cm). Howevers anlv a few precirpitation records are
availahle for the hasin with anly rare recards from higher
elevations. The mean annual air temperature varies from

Q DG
appProximately 11 C Gluly) to 4.5% O Glanpary). Extreme
temperatures are infreauent and of shoart duration: averall, the
moderating influence aof the ocean is noticed in the air
temperatures of the area. Relativelw high humidities (70-85% in
winter, 25-70% in summer) result in low water losses tao
evarnration, The annual evaparation is ahout S1-44 com.

Tharacteristic of mixzed tides an the Pacific coast, tides in
the Bavw show diurnal ineauslity, Between mean hidgh high wAater

and mean lower low water. the diurrmal variance is 7.5% m at the

Bav mouth to 2.1 m at Nahentta, Willara Raw at mean hidh tide

]
s

has a water—cavered area of ahaout 27% km 5 at low tids anlw

-
-

172 km i85 covered with water. The recsult 18 arpravimatel

-
e

1927 km of bhroad tidal flats (Fig., 2).

Averade current velacity durindg ebbh and floond tides is about
2.5 knots., The dreatest currents (4-4 knots) occur on the ehh
tide at the bav mouth. FEven dreater velocites mav occur during
periods aof strond south winds due to the narthward flow of the
ehbindg tide courled with the wind effects. MWaves generated

nffshore have little effect on the inner Bav hecause of the



praotection afforded by Narth Beach Peninsula. An excertion is at
the Bav entrance where hottom sediment is intensivelw rewarked hv
waves. Local winds are the mast sidnificant adgent denerating
waves in the inner Rav.

Water characteristics in Willara Bay may change raridlw, (On
an outdcing tide, about 45% of the water leaves the Bavwv. T+ this
water is caught uer in a tittoral drift, it is swert awavy and
rerlaced with ocean water on the incoming tide. On the average,
water temperatures rande from 7-9 UE in the winter to
14-20 UC in the summer.

The fall season is a pPerind of relatively high saltinity (20
Pparts rer thousand). This results when the Columbia River plume
shifts to the south and water offshore of the Bav mouth is
rerplaced with maore saline orean water. During winter, salinity
can drorp as law as five Parts per thousand due to (1) increased
rupaff from winter precirpitation and (2) the Columbia River plume
swindind to the north. With decreases in the amount of runo$f
during the spring, the salinity bedins to increase (approaximatelw
20 parts per thousand). Summer salinities (about 25 parts per
thousand) result from much reduced rainfall and the influx of

mare ocean water. The salt water wedde is sharpest in the summer

and +tall.

o
<

Willara Bav receives runoff from about 2400 km of land
(princirPally the west flank of the Willara Hills). Due to
seascnal variation in epreciritation and lack of snow aor other
surtface storade to maintain summer flow. runoff is variahle.
During Jduly to September, runoff accounts faor less than 2% of the

averadge annual runaff. Runcaff marps show a lardge variation in



averade runaff hetween tributary hasins. For example. averasge
runoff for the North River basin is ahout 190 cm, whereas it is
aover 250 cm in the Naselle River bain. Overall., the runaff
fidures are denerallv hisher than would ke anticirpated from
available pPreciritation records.

Sediments in the Bav are suepplied hv the Pacific Oceans
terrace derosits, rivers, and aenlian sand deposits. The Facific
ocean supplies most of the sand derosited in the RBav and on the
tidal delta at the Bav entrance (Fig. ). A combination nof
littaral drift and tides causes extensive ercsion altang Care
Shoalwater. The eraded sediment is carried anto the tidal delta
and into the Baws in the Bawv it is derosited along Toke Spit and
Ellen Sands.

Larde amounts of mud and sand are derived b erasianal pro-

cesses from the Huaternarw terraces araund the Bawv. During high

"

tides (especiallw in the winter and /or asscciated with stoams),
wave action undercuts the vertical cliffs and stacks causing
slumping or slides of the deposits.

Nine rivers supply sediment to Willara Bav. The madority of
clayv and silt (mincor amounts of gravel and sands) derpasited in
the Bav come from these rivers.

Sand flats aloeng North Beach FPeninsula are composed mainly
of sediment blown from aealian deroasits on the barrier seit,
Some sediment is alse provided bwv subtidal channels erading into
beach and nearshore sands.

The specific studw area for this rerort is loacated an the

intertidal flats hetween arproximatelyw Gonose Foint and Pickernell
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Creek on the east side of Willara BRav (Fidg. 4). Geodrarhicallw,
this area occuries a mid—estuary pPasition, The width of the flat
varies fram a few hundred meters urp to a kiltameter. Limited =salt
marsh and supratidal flat enviranments accur near the Palix River
and Pickernell Creck. Indurated terrace derposits accur along the
entire shoreline adijacent ta the flats.

Within the specific studv area, the averase textural
characteristics are best descrihbed as paarly soarted. fine—srained
sand with stroanglv—fine skewed leptokurtic distributions.
Distribution patterns of textural pParameters (Fig., 5) show
consistent trends of sediments fining upslaope and up—estuary
reflecting a respanse to decreasing hvdraulic energvy and
increasing distance from the main sand source (the tidal inlet).

Compagsition of sediments an the intertidal flats hetween
Goowse Faint and Pickernell Creek are mainlv (dreater than Y0%)
light minerals, mastly quartz with small amounts of Tithic
fragments, Pumice., vedgetation, and hiodgenic shell fradments.
Heavy minerals make up aboaut 4% of the sediment. The most commaon
heavy minerals are clinapvyroaxene, orthapvraxene, haornhlende.
eridate, and opPasue. Clay minerals comprise less than % af the
sediment. The pPrincipal clav minerals are montmoariiloanite.
i11ite. and chlaorite., Fassils (microa + macro) make ur less than
cne percent of the sediment.

Within the specific studv area, hed forms rande from larde
sandwaves to small-scale rirples. [Due to Tow sedimentation rates
an the flats, the sediment experiences extensive hiadgenic
rewnrking excert where local canditions preclude infaunal

activity. Therefare. hioturhate~-textured sediments are



characteristic of these mid-estuary intertidal depnsite.

Reconnaisance of the tidal flats hetween Goose Foint and
Pickernell Creek sudgdest the followindg major trends relative to
prominant seadrasses! (1) Z. maripna (1wf) was mast dense in
subtidal and continually ponded areas of the flats, (2) Z. marina
(int.) was found mixed with Z. noltii on the mid-tidal flat and
to a lesser extent with Z. marina (lwf) an the lower tide flats,
(3) Z. noltii was limited primarilw to the uprPer and mid-tidal
flats. Z. poltii was the mast ubiquitous of the three
varieties present. Major factors contralling distribution
of seadrasses are relative lendgths of subaerial versus tidal
inundation,. effectiveness of tidal circulation, and relative
elevation of the tide flat surface.

Salt marshes within the studv area occur Primarily in
small circular clumps directly seaward of topodrarhic lTows in the
Fleistocene terrace taoradrarhv. Salt marsh drasses show a
distinct increase in densitv and diversity from the urpPer
intertidal into terrestrial marshes (upslarpe). Tridlochin occurs
in Pure stands on the upper intertidal flats and in mixed stands
with Scirpus o1~ Salicornia in supratidal flat areas. Controlling
phveical factors aprPear to be water salinity, substrate salinity,
and elevatian. Recent salt marsh decdgraphic distribution from
Goose Foint to Fickernell Creek seems to be controlled by
antecedent Halacene toarpodrarhic lows in the Pleistacene terraces.

METHODS
Bax cores (20 X 20 X SO cm) were used ta callect hattom

samples from 34 stations on the tidal flats (Fig., 4). The



sediment was washed thraugh a O.S-mm-mesh sieve. Ordanisms
recavered were fixed in 107 foarmalin, Preserved in 45% isoarrapvl
alcaohal, and later identified and counted in the labaratarwy.

These samrles were callected in Julv—Ausust, 1978,

MACROBENTHIC INFALINA
The fallowing macrohenthic infauma were callected within the
studv area (distribution and density shown in Figs., &-29):
Arthropnda (Crustacea)
Upodebia pPudettensis (Fig. &)
Callianassa californiensis (Fig. 7)
Eohaustorius sp. (Fig., &)
Idotea =p. (Fig. 7?)
Corophium sr. (Fig., 10)
Ampithoe sr. (Fidg, 11)
Cumacea (one spPecies. Fid. 12)
gammarid amephirpcd (one srecies [71, Fig. 13
corerod (one species, Fig. 14)
isopod (one spPecies., Fig., 15)
Mxllusca
Mvra arenaria (Fig., 14)
Cryptomvya california (Fig. 17)
Macoma balthica (Fisg, 14)
Tares Japonica (Fig., 1)
?Musculus senhousia (Fig., 20)
?Polinices sp. (Fid. 2i)
?Clinocardium =sp, (Fig. 22)

Annelida (Polwchaeta)
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Abarenicola pPacifica (Fig. 23)
Eteone sr. (Fig. 24)

Nerhtys spp, (Fidg., 25)

Capitellidae (one sPecies, Fid. 24)
Orbiniidae (one srecies, Fig., 27)
Phvllodocidae {(one species, Fid., 28)

The sampling technique was not adeauate for collecting deep
burrowing ordanisms such as Callianassa californiensis. This
species commoniy burrows to a meter or more below the sediment-
water interface. A compParison of the number of Callianassa
burrow openings (Fidg, 29) at the sediment surface indicate this
species 1is much more cammon and abundant than indicated bwvw the

actual number of animals callected (Fisgs. 7).

SLIMMARY
During the summer of 127%, samples from 24 intertidal
stations hetween Goose Foint and Pickernell Creek in Willara Baw,
Washindgton were collected to examine the diversitwy, distribution.
and densitv of macraobenthic infauna. All the fauna callected
helanded to one of 2 madar droups! Arthropoda (Crustacea — 10
speciess 3,002 individuals. Fidg., 20), Mollusca (7 species: 1,359
individuals, Fidg. 1), and Annelida (Folwrchaeta — & species: 214

individuals, Fig. 322). Overall, 4,475 individual organisms (Fig.

33) reprecsenting 22 species were collected.
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