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Ab6laact

Seventeen species of l iv ing benrhonic-foraminifera._forming sjx sperjes assemblages, are idenrr-fied .Irom Samish and Padilla bays, $?a,hington. Four of"these i"".UG.r,*il,'.;il"il.ii,"" i;-;;,":;'va*ns percenrases wnh ̂ )ilianntna i,lf l'#;ff':'"?l
9:,lg .,".1g:':. one assemblase is dominatei 6v i. I,uo *i,n A.iii,;L-"ii);";'ri,#]:
Lnbroelphtdttlm tpp., and Annotitin taltrm tCorhfiao and BronDimann ). Tte ,;xrtr asrernbGeis d^ominared by. Elphidiella hetnzi r Cushman and Granri.

'*ri3i.T'jn#iif'#oif,:.':""'S:'TlJ."?ff:fffi,"1':Tt1:i;JT"fJ:',.'-n'"'ot or these

Inlroduction

This paper describes the dis ribution and abundance of foraminifera found on the
mudflat areas in Samish and padilla bays (Fig. 1). Cushman and Todd (1947)
examined foraminifera from the San Juan Islands and noted a close relationship to
the faunas from the coast of New Xngland and the pliccene of California. Cockbain
(1963) identified foraminifera from 175 stations in the strait of Georgia, Fraser River
delta, and the Suait of Juan de Fuca. phleger (1!67) reported on foraminifera from
marsh areas along the Pacific coast of North America and included data from Grays
Harbor, lfashington and a marsh area on the Fraser River delta.

Methods and Techniques
Collection ol Samplet

Samples for srudy were collected during the lare fall of 1972 ^nd, winter of 1973
(Fig. 2). Sediment samples were collected at all stations, and warer samDles were
collected at 16 of 2l stations. At two stations (1 and 4) samples were coilected by
hand on a low ride; at the remaining stations samples were collected o,n high tide
from a small boat with a clamshell dredge.

A wet 2t-rnl fraction was removed from each sedimenr sample and siwed through
a 0.84 mm screeq to exrraca wood fragments and eel gmss. A 0.0gg rnrn sqeen
located below retained the smaller particles and foraminifera. This fraction was
dried, weighed, and the foraminifera examined. Rose Bengal was added to the sediment
samples ar the time of collection but for some rmson failed to be taken up by any
foraminifera. The author believes, however, that sizable fractions of rhe populations
were alive because of work done on some specimens using orher org^ni. stuinr.

Temperarure and salinity were determined for all water samples. In addition ten
samples were treated to determine pH and dissolved oryg.n. ih. sediment samples
were analyzed using the methods of Folk (196g).
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Figure 1. Regiooal map showing Sacrish-Padilla Bay (inset).

Phy$ical Data

Hydrography

Hydrographic data collected during sampling and from Collias et al, (1966) ir,dicate

the entire Samish and Padilla Bay area to be estuarine; however, salinities tarely fall

below 26 o/oo. Water tempratures at the time of sampling were cold (7'C-9'C), but

Collias et al, ( 1966) reponed temPeraues during the summer montlrs as high as 14'C

in offshore portioff of Samish Bay, and daytime temp€ratures presumably rise higher

on small enclosed mudflats such as station 1.

Although no data are available on seasonal variations in Padilla Bay, the physical

parameters of water entering this hay are probably more stable than thoe of watet

entering Samish Bay. Water for Padilla Bay comes primarily frcm oceanic water to

the vrest whereas water ente$ Samish Bay from estuarine-dominated Bellingham Bay,
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Figure 2. Sampling locaiities, sediment, distribution, and water depths in leet (coastal meanlow water equais zero) at each station.

and the Samish River and physical paramaers vary considerably depending on river
llow.

Sedimentt

|jlmegtation 
in the region probnbly stopped 70 or more years ago with the lasr

shift of the Skagit River ( Sternberg, 1,967)- The Samish Rjver presently flowing
into the area contributes fine material, thereby maintaining u balurrce betw".r, murirre
erosion and deposition (Srernbelg, 1967).

Three t4xs of sediment are recognized in the area (Fig. 2): coarse sand occurs
in tidal channels and off the leading edge of the delta; fine sand is found over most
of the tidal llat area of Samish and padilla bays; and silts and clays occur in small,
sheltered mudflats close to the shoreline of Samish Bay.

Results

seventeen species of foraminifera were identified. The distribution and pooulation
statistics of all species are shown in Table 1. There are six foraminiferal assemblases

Recent Benthonic Foraminifera 2 1 3



\o
c.,l

9- N N .{i

tr s

r) I N
8

{
\o{ $ N

F\
F.

c! L
l

c.,l s N
s
$

6
\9

o tr .-:
N
\l)

t N R t\
q.
\$

@ .n
N $ \ F.

N
N

i N * :r il'

I

4
a
N

N
:$

:| s { € N N $

a N .o N

g a N l'-

a

t $ + \o

N
\5

tt
x
ii r) a \l ri-

\t v) ..1 \!

E n F F) N $ N

a,

e
5

(s

q,
tr

.,

c)

,r.l
o
tr
tu

€
6
o

q)

O F

., (\
-o\

( t c
.tt c
o c
t s q

@

6a

0

o)
P

d

d

o
(l,
r{

d

o

o
o

d

o

o'
r{

lr

d

o
IJ

Fq

N

tt)

I

I

E
q)

o
dn
!

l l l
t o
l o

I'

: l
rd
d

d

d

o
€

t

t(
I

(J
o

a

E

t

E

0

t
I

lr
d

i.{

5
o

tr

q,

qt

li

o

(,
6

d

e

214 Scott



(Fig. 1). Assemblages south of Samish Island are more diverse and have higher aver-
age densities thao those north of Samish Island.

Species diversities were calculated using the formula ( Simpson, 1!49)

s
Do -  N(N-1)  /  I  n i (n i -1 )

i - ' l

vrhere N is the total number of individuals, S is the total number of species, and ai
is the nurnber of individuals in the lth species.

Arembhge 1

This assemblage is characterized by Trocbamnzi,na pacifica, Mil,iammina fuca, B*c-
cella lrigid.a., Eggerella adt,eru, and Elphidiella banmai, occtus ar stations 6, 12, and
13, and has the highest species diversity (3.4) of any assemblage.

Samish

t ;
(_- . , ' .  . .  ^ l

'-' -- probable fau na I

Figure 3. Faunal assemblages.
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Aremblage 2
This assemblage is characterized by Ttochammina pacilica ar'd Mikanmina lusca with

some stations containing 90 percent T. pacilica The assemblage occurs at stations 20-26

and has a low diversity of 1.6.

Aremblage j

This assemblage is characterized by MiJiammina fusca, Crifuoelphidium spp., Ammonia

beccarii, and, Atnmotium sahurn, occurs at only one station ( 1 ), and has a high species

diversity ( 3.3 ).

Atte nblage 4
Trocharnnzina pacifica, Miliam.mina fuca, and Quinqueloculina spp. chatacterize this

assemblagg which occurs at stations 18 and 19 and has a species diversity of 2.2'

Auemblage 5
Elphidielh hannai and Buccella t'rigida chatacterize this assemblage, which (rcurs a'

stations 14-17 atrd has a species diversity of 2.5.

Arembl"age 6
This assemblage is characterized by Trochammiaa pacildca ar.d Miliarnnitn fwrca;
however, qome stations have high numbers of Cribroelphidium spp, Qainqueloculin't
spp., Eggerella adtena, and Bucella frigida. This assemblage occurs at stations 4, 7-9,

and 11, and has a low species diversity (1.84) despite the many species present'

Discussion

None of the previous work in the area ( Cushrnan and Todd, 1947; C<rkbain, 1963;

and Phleger, 1967) reported linding Anmoaia beccarii itr samples. To my knowl-

edge, the specimen s of Ammoni.a beccarii fotnd at station 1 rePresent the most north-

ern occulreoce of this species on the west coast of North Amelica. Lack of Atnmotia

beccarii trotth of this general area may tesult from temperatures that are too cold

to allow l. becca,rii to reproduce successfully. In a laboratory study of the effect of

remperature upon reproduction, Bradshaw (1955) showed that A, beccadi did not

reproduce below temperatures of approximately 18'C. This finding suggests drat

although the tefirperarules were too low for reproduction to occu! at the time of

sampling, the water probably watms enough during the summe! montlxs at station 1

(a shallow, enclosed bay) to allow l. beccarii to ProPagate successfully.

ltltinoogh Trocharntnina pacifica is not characteristic of mudflat areas, this species

has been reported from deeper water. Therefore, it presumably tolerates colder tem-

peralures than occur on the average mudflat. The water covering the Samish and Padilla

Bay mudflats, however, is normally cold through most of the year, and this condition

may be the factor allowing T. pacilica to dominate here.

There appears to be a correlatioo between some faunas and sediment type Assemb-

lage 5 occurs in co.arse saod and has no liviog arenaceous forms, but assemblage 4,

adjacent to assemblage ! and in comparable depths of water, is in fine sand and is

dominated by arenaceous species. Channels of coa$e sand, cutting through areas of

fine sand with high foraminiferal populations, have no living populations ( stations 10

and. 24) .
The limited number of foraminifera in the deeper wate! areas of Samish Bay

caused difficulty in comparing species diversity of the shallow-water ateas with that
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ot deeper-wate! areas. In padilla Bay, however, a limited number of samples suggesrs
that species diversiry increases with q/ater depth with the result that mudflat areas
exposed at spring low tides have a .lower diversity than deeper, unexposed areas(Table 1).

. 
Fauoas in Padilla Bay appear Jo have a higher diversity than those in Samish Bay

(Table 1). This siruation may reflect the mote stable oceanic influence in padilla Bay
that is not present in Samish Bay.

Ahteophragminm sp.

Ammobacxlitet dildat*s Cnshmao and Bronnimann
Annobaralites ttilaratz" Cushman and Bronnimaon. Ig4E.

Curh.  Iab.  Foram. Research.  v.  2r .  no.  2,  p.  19.
Annonia beuarii (Liant)

rya"!;!/rr .beccffi Linn€, 1758, Systema natume ed. 10, v. 1. D. 710.
Sneblz:  bec,a, i i  r  L innir .  F ischei  de \satdheirn.  iAi i .  S*. i ; * . '

Nat .  Moscow. Mem. v.s.  p.  4.9,  pt .7J.
Anmotittn Mhttn (Cushman and Bfornimantr)

Annobarxl i ret  ra l ,zr  Cushman aod Bronnimann, Io48,  Cush. Lab.  Foram.
.  Research.  v.  24,  p.  t6.  p l .  J .  f ie .  9.

Annot i ln "a l : rn t  Cushman and Bronnimannl  par ier ,  tc)52,  Iour.  paleo
v.  JJ.  no.  2,  p.  J40,  pt .  i0,  f is .  6.  D.

Baccella higida (Cushman)
Pkl t  n" l ina . l l is ;dd ! ! ,hman. 1972. Conrr .  Canadian Biol .  ! .  t92,  no.9.  D.  r2.E,ontdet  t t ie ida /Cushman,.  Cushman,.  t9-r t ,  _U.S. Nat.  Ntus.  e; t i -u.  ida.  pr .  8,  p.  4r .Bucetla frig la (Cushman), Andetsen, i95j, \sJ i;. il.,"il .,'v.'Z), oo. >, p. r+4.

Cibroelpbidir.n,e/"e)enp tHercn-Alten and Eartand;
roltstom? a ,raltapr4ttala Fichrel and Moll v{. !elre)enrc, Heron-Allen and

Earland. 1901. Royal Micto. Soc. Journ.. p. r48Elpb li*n rchete'Lte (Heror-Aller and Iarlandl, Cushman, i919, U^SGS pror. paper 191,
D, t)o.

Cribroelphi,\it n |tixidzn tCushmant
ElPhidi'.n fisidtn Cushman, lc)ll, Smithson. Inst. Misc. Co ., v. 89, no. 4, p. ), pt. 1, fig. 8.

Eggefell/t adtera Cushrli,an
Eggerella adrena Cush'nan, 1937, Cush. Iab. Foram. Research, Speciat publ. S, p. j1, pl. j,

Iie. 12-75.
Etpbi..l;elta. bannai (Cushman and Grant;

Elphi.d;an lranndi Cushman a4d Grint,^1927, San Diego Soc. Nat. Hisr. ,t.rans., 
v. 5, no. 6,p. - 

.  pl .  8, i ie. l ,  2.
Elpbidiella hannai (Cushriran anJ,Giant), Cushman 1939, USGS prof. paper 19t, p.66,p t .  I t .  f i s .  t ,  _ .

Gl a b/a! el l a o pettula ris I d Orbi s-[v t
Rosalina opercularis d Orbig-ni, tSl9, Hist. phys. pol. Nat. Cuba, v. 8, p. 93, pl. j, t.1s. 24, 21,,pl. 4, ti.s. 1.

Mili.ammine I usca (Brady)
Qainqxeloc*lina fu:ca Brady, 1870, Arrr. a.,:.t Mag_ Nat. Hisr., London, Engaod,

ser. 4, v. 6. p. 286, pl.  [ ,  i is. 2a_c.
Mtt 'amntna lktk (BHdy ).,  Phleger and Wakon, t950. Am. Jour. Sci. .  v.248. no. a. p.280,pt. 1, f ig. 19.

Qt1;?rq qelo c ll;na spp.
At leasr three species.

S p;illina riuipaft Ehrcnbe:A
Sp;lt l l ina ,;u;paft Ehrenberg, 184]. Akad. Vis. Berl in, phys. Ab,tr.

Berl in. Deur$htdnd. Tei l  I ,  p. 422. 1l1..  .J, - .
Trorhanntna inllata \Montaln )

Nattilu inflarz: *Monragu, 1808, Tettacea Britannica, Supplement, Exeter, tsneland, S.Woolmer. D. 81.
Trccbammina hflata _(Mo!\a$), 

parker and Jones, 1859, Ann. and Mae.
Nar. Hist., ser. ), y. 4, p. 14j.

Trochammira [)adf;cd Cushm n
Trccbammina pacilica Cushman, 7925, Cotr. Cush. lab. loram. Research.

v t, pr. 2, p. )9, pt. 6, Ije. j^-..
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