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ABSTRACT _

SCOTT, O.B.; COLLINS, E.S.; DUGGAN, J .; ASIOLI, A.; SAITO, T, and HASEGAWA, S., 1996. Pacific rim marsh
foraminiferal distributions. Journal of Coastal Research, 12(4), 850-861. Fort Lauderdale (Florida), ISSN 0749-0208.

New data on marsh foraminiferal distributions are presented for Hokkaido (J apan), Washington State and northern!
central California (USA). These data, when compared to recently published information from British Columbia, Or
egon, Chile and New Zealand, and older data from southern California, allow a comprehensive comparison of biogeo
graphic zonations around the Pacific Rim. Most significant is that high marsh faunas change from brackish to more
saline at the California border but all high marsh faunas have the same 2--4 species present . In the southern hemi
sphere, the species Trochamminita salsa becomes an important high marsh indicator. Their narrow range makes high
marsh faunas excellent markers for relocat ing former sea levels. These data can be used to detect rapid , high ampli
tude sea-level events associated with earthquakes on the Pacific Rim.

ADDITIONAL INDEX WORDS: Pacific rim, salt marshes, marsh foraminifera, high marsh.
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1) Hokk~hdo mar she s
2) WaShing ton State marshes
3) Northern Ca liforn ia mars hes
4) Centra l California marshes
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from the west coast of North America , extending from Alas
ka to Baja California (six areas in total). Except for Mission
Bay , California , PHLEGER had no more th an 10 samples
from his st udy a reas so could not provide any quantitative
eleva t ion data on whether or not these foraminifera were
zoned according to eleva t ion . PHLEGER and BRADSHAW
(1966) pro vid ed an excellent 24-hour record of marsh ph ys
ical parameters from an intertidal marsh in Mission Bay,
Ca li forn ia, including the rapid changes in pH, 02' temper
a ture, EH, su nlig h t and tidal ranges. This paper is funda-
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PREVIOUS WORK

INTRODUCTION

Th e earliest work conducted in marsh es on th e Pacific
coast of North America is by PHLEGER and EWING (1962 )
who examined marsh faunas from Scammons Lagoon in
Baja Ca liforn ia . Subsequently, PHLEGER (1967) provided a
rough biogeographi cal ske tch of marsh foraminiferal faunas

Up until a few yea rs ago, inv estigations of marsh forami
niferal distributions had been carried out largely on th e At
lantic margins, not the Pacific (see SCOTT and MEDIOLI,
1980a , for summary ). However, in the last few yea rs, several
authors (JENNINGS and NELSON, 1992 ; PATTERSON, 1990 ;
JE NNINGS et al., 1995 ; H AYWARD and HOLLIS, 1994 ) have
shown detailed marsh foraminiferal zonations from Briti sh
Columbia, Canada, Oregon, USA, Valdivia, Chil e and New
Zealand . Th ese studies were conducted to define precise sea
level s and to delineate rapid land movements tha t take place
in major earthquakes (ATWATER, 1987 ). Thi s paper will en
large on the data of the pr eviou s a uthors to include marsh es
on the eastern tip of Hokkaido, Japan (43°N, 145°E, Figure
1) , Washington State (47°N, 123°W), northern California
(41°N, 124°W) a nd central Ca liforn ia (37°N, 122°W). Combin
ing th ese data together with recently collected data of others
should pro vide a compre he ns ive picture of wh at can be done
in terms of accurate mea surem ent of sea level using marsh
foraminifer al zonations around the Pacific Rim.
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Figure 1. Mapof Pacific showing marsh areas discussed here.
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Figure 2. Foraminiferal and vegetation distributions along Hokkaido
Transect 1. Elevations shown are approximate-they were not measured
accurately. Foraminiferal data are detailed in Table 1. Vegetation zones
by number: (1) Eleocharis spp.lScirpus spp., (2) Carex spp. + others, (3)
Scirpus spp., Juncus spp., (4) S. tahemaemoniani + others (first tree at
Stn. 19), (5) Eleocharis spp. + upland plants, dry soil, (6) Eleocharis spp.
+ others + upland (forest starts at Stn. 31).
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Figure 3. Foraminiferal and vegetation distributions along Hokkaido
transect 2. Elevations shown are approximate. Foraminiferal data are
detailed in Table 2. Vegetation zones are as follows: (1) Carex spp./Eleo
charis spp., (2) Caltimagrantis spp./Carex spp., (3) Carex spp.lScirpus
spp., (41 Scirpus spp., (5) Eleocharis spp./upland, (6) upland plants
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mental to the understanding of how foraminifera are pre
served in marsh sediments.

SCOTT (1976a,b) performed the first quantitative studies
of saltmarsh foraminifera in southern California that sug
gested a strong relationship between elevation above mean
sea level (MSL) and marsh foraminiferal patterns. After this
initial work, little was done in the Pacific region until P AT
TERSON (1990) re-visited the Fraser River Delta marshes
that PHLEGER(1967) had studied earlier and provided data
that showed a strong vertical zonation of marsh foraminif
era. JENNINGS and NELSON (1992) conducted a similar
study in Coos Bay, Oregon, another of PHLEGER'S (1967)
sites. Finally, JENNINGSet at. (1995) did a study in Rio Val
divia, Chile, that again confirmed a strong vertical zonation
of marsh foraminifera. Marsh foraminiferal data from Ja
pan are not available but shallow water foraminifera from
that region are well studied (for complete bibliography of

Japanese work, see TAKAYANAGI and HASEGAWA, 1987; and
AKIMoTO, 1990).

PHYSIOGRAPHY OF FIELD AREAS

Introduction

All elevations on Figures 2-7 are estimated based on high
er high water tidal ranges of 2 m (except in Japan where the
extreme range is 0.8 m) and assuming lowest marsh is mean
sea level and highest marsh (strandline) is higher high water.
The elevations were not measured directly-only estimated
visually, with 10-20 em accuracy.

Hokkaido Marshes

The marshes we sampled are on the extreme eastern tip of
Hokkaido Island, Japan, in the Nemuro Bay area within the
Furen Lagoon. These are some of the last natural marshes

Journal of Coastal Research, Vol. 12, No.4, 1996
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Figure 4 . Wa shington T ra ns ect QPF 1. Qualitative pla nt zona t ions are
a lso s hown wit h estima ted ve rtical ra nges. Forami n ifera l da ta are de
tai led in Table 3 .

Figure 5.· Washington Transect LLR 2. Same forma t as Figure 4. Fo
ramin iferal da ta a re de t ail ed in Table 4 .

left in J ap an except for some mangroves in Okina wa. They
had never been sa mpled for marsh foraminifera . However ,
studies were underway using diatoms for sea -level studies in
th ese same marshes by M. UMITSU (Nagoy a Univ .), These
salt marsh es were tid al but probably with very low sa linities
because th e plant typ es were almost all fres hwa te r. We had
no mean s to measure th e sali nity. The only sa lt-ma rs h plants
were Tr iglogl in sp. and Glaux maritima ; others were
Phragmities australi s, Carex lyngbyei , Eleochari s sp., Sci rpus
spp. and various othe rs , all of them typical of freshwater
ma rshes but obviously capa ble of withstanding some tida l in
undation. Ver tical zonation, typical of brackish marsh plant
in other places, was obscure (see SCOTT et al ., 1991l. Both
tra nsec ts were far up tidal cre eks very close to the river in
fluence,

Washington State Marshes

Two tran sects sampled were from two small mar sh areas
within th e Hoods Cana l which is th e part of Puget Soun d tha t

fronts th e Olymp ic Mountain Range. Tr an sect QPF is from
the delta area of a small river called the Quilicene. Th e other
transect (LLR) was from th e end of a road call ed Linger Lon
ger Road . Both transects had similar vegeta tion; the middle
marsh was the br oad est which had Sal icornia virginica and
Distichl is sp. as th e only two species . Th e lower marsh in both
a reas was occupied by S cirpus spp. Various grasses, Potentil
La sp., and bull ru shes characteri zed the high marsh . In both
cases, we sampled from th e lowest low marsh int o th e totally
fres hwate r areas (ferns, Trans. 2, or trees, Trans. 1). We mea
sured sa lini ties where possible but on the marsh surface sa
linities of no greater th an 4%0 were mea sured, In the water,
th e sal inities were up to 10%0. These marsh es, unlike Japan ,
cont ained a distinct zonation of plants which we followed
when sampling for fora minifera .

Northern California

Th is transect was obtained from an area in th e Humboldt
Bay marsh system near Eureka , Cal ifornia. Plants here were
simila r to those in th e Washington marshes with Sa licornia
uirginica and Distichlis species dominating the middl e marsh

Journa l of Coa s ta l Research , Vol. 12, No. 4, 1996
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Ta ble 1. Foraminiferal and thecamoebiari percentage occurrences in Hokk aido Tra nsect I. L = li ving, T = total , x
Figure 2.
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Tabl e 1. Conti nued.

Station number 25 26 27 28 29 30 31
- - -

Distance along tr ansect (m) 149 5 159.5 169.5 184.5 198.5 209.5 231.5

(live/total) L T L T L T L T L T L T L T

No. of species 4 4 4 5 4 5 4 5 3 4 2 5 0 2
No. of indivi dua ls 4,480 10,000 2,416 5,96 8 688 1,584 520 1,704 136 1,656 32 1,240 0 384
Ammobaculites exig uus
Haplophragm iodes ma nilaensis 17 20 13 17 2 10 6 10 53 33 4
Miliam rnina [usca 2 5 14 15 78 54 19 24
Pseud othurammina limnetis x
Tiph otr ocha comprimata
Trocho mmina inflate
T ma crescen s r. macrescens 76 68 68 53 16 1:3 68 38 29 15
T ma crescens f. poly stoma
Planktonics
Centro pyxis acu lea ta 4 8 5 16 4 22 8 29 18 51 25 96 96
C. cons tricta
Difflugia oblonga 1 1 2
D. proteiformis 1
Nebella colla ris 75 2

ElkhornSlough Transect 1

DISTANCE ALONG TRANSECT (m)

Figu re 6. Northern Cali fornia , Humboldt Bay , Tra nsect 1. Sa me format
as Figu re 4. Foraminifer a l data are detailed in Tabl e 5.
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as Figu re 4. Foraminiferal data ar e deta iled in Table 6.
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Tab le 2. Foram inifera l and theca moebian. percentage occurrence in Hohhaido Transect 2. L = li ving, T = total. x . l%. These dat a are plott ed in Fig-
ure 3.

Sta tion number 2 3 4 5 6 7

Dista nce along transect (rn) 0 2.5 4.5 5 9 12.5

(live/tota l) L T L T L T L T L T L T L T

No. of species 4 8 3 6 2 7 3 6 2 5 7 7 3 7
No. of indi viduals 1,632 11,7 12 3,792 11,216 944 11,312 4,224 27,968 2,048 14,272 5,776 11,056 4,864 25,344
Ammobaculites exiguus 1 x 1 x x x
Ammonia beccarii x
Haplophr agm iodes manilaensis 2 1 x
Mili ammina [usca 4 7 3 3 4 2 x 2 3 9 3
Polysaccammina ipohalina
Pseudoth urammina lim netis x x x x

Quinqueloculina sem inulum x x
Tiphotrocha compri mata x I
Trocha m mi na in flata 2 12 22 36 31 28 25 2 3 5
Trochammina inflata (sipho-ty pe) 1 3
T. macrescens f. m acreseens 93 86 95 93 88 71 62 65 72 71 95 85 96 86
T. mac rescens f. polystoma
Centropyxis aculeata 2 2 2 x 4 5
C. cons trict a x 1 1 x
Difflugia globulis
D. proteiformi s
Lesquereus ia spiralis
Nebella collaris

Station number 8 9 10 11 12 13 14

Distance along tran sect (m) 16 26 31.5 32.8 35.3 37.3 40.3

(live/total) L T L T L T L T L T L T L T

No. 'of s pecies 3 6 4 7 2 4 3 5 4 5 4 6 5 5
No. of indi vidu als 6,528 31,872 4,032 11,856 9,664 21,1 20 5,136 16,736 3,904 10,304 596 6,454 9,776 16,064
Ammobacul ites exiguus 1 3 1 50 25 2 3
Amnwnia beccarii
Haplophragm iodes manilaensis 4 x I
Miliam m ina [usca 4 8 20 2 2 2 2 6 15 29 18 78 72
Polysaccamm ina ipohal ina x
Pseudot hurammina limnetis
Quinqueloculina serninulum. x x
Tiphotrocha comprimata
Trochammina inflatn 11 8 2 9 10 x
Trocham m in a inflate (sipho-type)
T. mac rescens f. macrescens 88 74 90 76 98 93 89 85 92 67 14 46 19 21
T. macrescens f. polystoma
Cent ropyxis acu leate 10 5 2 1 13 6 3
C. constr icta 1 0 2 5 7 2
Difflu gia globuli s
D. proteiform is
Lesquereusia spi ralis
Nebella collaris

Sta tion number 15 16 17 18 19

Distance along tr ansect (m) ,15 3 48 8 50.8 55.8 59.8

(live/total) L T L T L T L T L T

No. of species 3 6 6 6 3 6 1 4 I 5
No. of ind ividual s 5,664 10,464 1,400 2,976 66 498 6 828 72 342
Ammobaculit es exig uus 1
Ammonia beccarii
Haplophragm iodes man ilaens is 5 13
Miliam m ina [usca 6 11 40 28 27 6 2
Polysaccam min a ipohalina
Pseudothurammina limneti s 4 10 12
Quinqueloeul ina seminulum
Tiphotrocha comprimata
Trocham mi na inflai a

J ourn al of Coasta l Research, Vol. 12, No. 4, 1996
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Tabl e 2. Conti nued.

Station number

Distance along tr ansect (rn )

(live/tota l)

Trocha rnmin a inflata (s iphc-type )
T mac rescens f. macrescens
T macrescenS f. polystoma
Centropyxis aculeata
C. constric to
Diffl ugia globulis
D. pr oteiformi s
Lesquereusia spiralis
Nebella collaris

15 16 17 18 19
---

45.3 48.8 508 55.8 59.8

L T L T L T L T L T

93 74 42 33 55 10 1 2
1 x

11 2 13 18 81 100 97 63

2

100 32

area s. However, Spartina (olia cea dominated the low marsh
and Grend illa sp. th e high marsh . Sphagnu m moss fringed
th e mar sh on th e landward end. Salinities measured here
were 25%0 at th e channel and 19%0 at station 7 in the middle .
Other areas were too dry to take measurements.

Central California

This transect was in Elkhorn Slough, ju st south of Santa
Cru z and just behind the Moss Landing Oceanographic St a
tion . The salt-marsh zone was complete ly occupied by Sali 
cornia virgin ica. Above th e high est astronomical tide (Sta
tion s 1-3) the perennial Salicornia sp. a nd Suaeda sp. wer e
found . Salini ties ranged from 32%0 (Stat ion 4, high marsh ) to
30%0 at the cha nnel edge.

METHODS

Samples were collected with a sma ll 3.5 em diameter cor
er-only th e upp er 1 em of sediment was collected to obtain
a 10 ern" sa mple. Material was wet-sieved within 1 week us
ing a .063 mm sieve (mesh 230) as the lower size to retain
fora minifera and 0.5 mm as th e upper size to catch roots a nd
large plant fragm en ts. Samples were preserve d in buffered
formalin and Rose Bengal (to detect living specimens). Sam
ples were reta ined in liquid sus pen sion and exa mined in liq
uid und er a dissecting microscope (20 to 40 X ). Large samples
were split to aliquots of 300- 500 specimens using a modified
plank ton splitter (SeoTI and HERMELlN, 1993). Organi c ma
terial was not decanted away as in some earlier studies (e.g.,
SeoTT and MEDI OLl, 1980a ); in some cases, most of th e livin g
would ha ve been washed away by decanting . Salin ity was
det ermined using an American Optical handheld sa linity re
fractometer.

FORAMINIFERAL RESULTS

Hokkaido Marshes

Transect 1: Abundances of both living and total nu mber s!
10 cc were a mong th e highest ever recorded in marsh se
que nces (Fig. 2, Table 1). Although Miliam m ina [usca and
Trochammina ma crescens f. macrescens co-varied in the tota l
abundan ce, largest living numbers wer e ofT m acrescens with
rela t ively low numbers of M. (u sca living even though it dom
inate d many of th e sa mples. Thi s suggested th e same situa-

tion as observed in Nova Scotia , Canada, where M. (u sca liv
ing populations occurred in the winter but still dominated
tot al populations yea r round (SeoTI and MEDIOLI, 1980b ).
Vertical zonati on was difficult to see her e but it appeared
that th e higher stations (25- 30) had higher percentages of
Haploph ragmoides manilaensis. At th e treeline above th e tid
al limit (sa mples 28- 30), th ecamoebian s (freshwate r rhizo
pods ) repl aced th e foraminifera. The other reason that ver 
tical zonation was difficult to see was th at th e marsh surface
was very hummocky-unfortunately we could not measure
th e elevati on accurately or we might have been able to see
better zonations.

Tr an sect 2: Alth ough this transect was close toTransect 1,
the fauna was somewhat differ ent (Figure 3, Tabl e 2). Fir st
of all, M. (usca was common only just below th e high est
mar sh and Trochammin a inflata, a rare species along Tr an
sect 1, was quite abundant in the lower part of Transect 2.
Tr ochammina macrescens f. ma crescens was the domin ant
species at almost a ll levels, and this may be the reason th e
numbers of livin g were high along this entire transect . How
ever , as at Transect 1, H. manilaensi s was common in the
highest marsh just below the upland plants and th ecamoe
bian s become th e domin ant forms ab ove tidal levels.

Washington State Transects

QPF TRANS 1: This marsh exhibited a strong vertical zo
nation , coincident with plant zones (Figure 4, Table 3). The
low marsh was dominated by Amnwtium sa lsum and M. (u s
ca . At the lowlhi gh marsh boundary, Hapl ophragmoides toil
berti dominated and a little higher up Trochammina inflata
and T macrescens f. polysto ma also become prominent. Just
a t th e bounda ry between grasses and trees , T macrescens f.
ma crescens becomes promin ent but thi s may be illusionary
since total popul ations drop to almost nothing here. Across
this transect , both living and tota l numbers are moderately
high below St ation 11.

California Marshes

Humboldt Bay-Tran sect 1: The low marsh section of th is
tr ansect is difficult to define because of th e steep bank (Fig
ur e 6, Ta ble 5), but the Californ ia tra nse cts are the only ones
where we see significant percentages of calcareous species , in
thi s case Miliolids, but only in the lowest samples. Stations
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Table 3. Foramini{eral and thecamoebian. percentage occurrences in Washington QPF Tra nsec t 1. L = l ivin g, T = total, x = < 1%. These data are plo tted
in Figure 4.

Sta tion number 2 3 4 5 6 7

Distance along transe ct (m) 0 2 3 7 11 15

(live/total) L T L T L T L T L T L T L T

No. of species/ l 0 cc 7 8 7 8 7 8 7 8 6 7 7 8 6 8
No. of individu a ls/l0 cc 48 92 67 138 1,260 2,800 1,496 3,404 895 1,814 455 1,809 600 2,069
Ammotiuni salsum 6 3 6 3
Haplophragmoides manilaensis 1 x x x 3 1 x
H. wilberti 4 7 2 4 13 13 40 31 22 24 10 16 30 27
Miliam mina {usca 44 34 73 64 73 69 50 52 33 25 10 8 7 12
Polysa ccammina ipohalina x x
Tiphotroclia comprimata 2 6 7 2 x 1 x x x x

Trochammirui in flate 38 33 8 12 2 2 6 8 29 31 69 51 45 36
T. macrescens f. ma crescens 2 7 2 6 6 1 4 10 7 6 7 9 12
T. macrescens f. polystom a 4 14 2 7 4 7 3 4 6 13 2 17 9 12
T. ochracea x x
T. pac ifica 2 5 2 x x x

Station number 8 9 10 11 12

Distance along transect (rn) 16 20 25 26 30

(live/total) L T L T L T L T L T

No. of speci es/l0 cc 8 8 8 8 6 7 4 6 0
No. of individua ls/lO cc 1,203 2,799 287 1,965 65 2,201 52 218 0
Ammotium salsum
Haplophragmoides manilaensis 1 1 x x 1
H. wilberti 20 14 27 20 54 18 3
Miliainmino [usca 16 16 2 8 3 6
Polysaccammina ipohc lina 1 x x 1 2 4 2
Tiphotrocha comprimata x x x x x
Trocha mmina inflate 38 29 37 41 29 66 6 4
T. macrescens f. ma crescens 6 14 27 21 2 4 75 50 100
T. macrescens f. polystoma 18 25 7 8 11 3 17 42
T. ochracea
T pacifica

3-10 were more 01' less on a plateau and th at is reflecte d in
a relatively monotonic fauna unti l we get to the steep high
marsh boundary where the Trochammina spp . suddenly
jump in abundance together with total numbers . Th is could
be an extremely accurate level indicator in thi s area .

Elkhorn Slough-Transect 1: As in the Hu mboldt Bay tran
sect, there is lit tle vegetat ion change and a Spartina low
ma rsh zone is absent (Figu re 7, Tab le 6). Th e foram inifera
reflect th is also; the only detectable change in thi s transect
agai n occurs near the high ma rsh boundary where total
abundances increase and T macrescens f. ma crescens be
comes more abundant. The upper three samples a bove tid al
level were barren of any microfossi ls which is common to
most California ma rs hes where tida l water is the only water
ava ilable .

COMPARISON WITH OT HER PACIFIC RIM
MARSHES

Th e data prese nted here fill in some large gaps that existed
so that now we have data from th e western Pacific (Ja pan) ,
British Columbia (PATTERSON, 1990 ), Washington State, Or
egon (J ENNINGS and NELSON, 1992), northern Californ ia ,
central California, southern California (SCOTT, 1976a,b ),
Chile (J ENN INGS et al ., 1995), an d New Zealand (HAYWARD

and HOLLIS, 1994). We do not include PHLEGER'S (1967 )data
beca use it was not quantita tive and even the plant zones
were incorrect . All the data are not completely comparable
because the previous studies of SCOTT (1976 ), JENNINGS et
al. (1992, 1995), and PATTERSON (1990 ) measur ed the ele
vations precisely ; whereas, here we simply sampled t he plant
zones and est imated elevations. However, we are confident
that our data , although not measured preci se ly, still reflect
fairly accurate elevations, to within 20 em (depending on local
tid al ranges ).

The comparison zone by zone for each marsh is summa
rize d in Tab le 7. Highlights are that Trochamrnina macres
cens f. macrescens dominates or subdominates high marsh
faunas in Japan, British Columbia , Washington and Oregon
but is replaced by T macrescens f. polystoma and Trocham
mina inflaia in the more arid California marshes. In Ch ile
and New Zeal and , Trochamminita salsa dominates the high
ma rsh faun as. However , the high ma rsh faunas in New Zea
land are much more diverse and more simi lar to thos e in the
northern hemisphere than to those in the Chilean area (HAY
WARD and HOLLIS, 1994) . As has been noted before, h igh
marsh faunas are similar for almost all areas , but the low
marsh faunas tend to reflect local variables except for con
sistent occurrences of Mi liammina (u sca and, to a lesser ex
tent, Ammotiurn salsum .
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Table 4. Foraminiferal and thecamoebian percentage occurrences in Washingt on LLR Transect l . L = living , T = total, x = <l%. These data are plotted
in Figu re 5.

Station number 1 2 3 4 5 6 7 8
---

Distance along transect (rn ) 0 1 2 10 20 30 40 50
---

(live/total) L T L T L T L T L T L T L T L T

No. of species/lO cc 6 8 5 5 6 8 7 8 5 5 6 6 6 8 5 7
No. of individuals/10 cc 1,169 2,158 2,880 9,672 2,272 9,120 988 9,656 1,361 8,773 1,833 9,821 1,147 4,431 902 5,914
Am motiu m salsum 0
Eggerella advena x
Gaudryina exilis x

Haplophragm oides manilaensis x x x x x x x

H. ioilberti 2 2 13 7 19 14 26 44 24 49 26 44 37 47 20 23
Miliam mi na [usca 95 91 83 90 70 78 23 22 3 5 12 21 5 10 2 8
Polysac cammi na ipohalina x x x
Pseudothu rom m ina lirnneti s
S iphotrochnmmina lobat a
Tiph otrocha com primaui x x 1 x
Trochammina inflata 1 2 3 2 6 3 45 21 56 28 47 20 46 32 72 57
T. macrescens f. macrescens 1 2 1 1 4 2 3 10 14 14 8 9 9 9 5 10
T. mac rescens f. polystom a 1 3 1 1 x 2 3 3 2 4 6 5 2 2 1 2
T. ochracea x x x
T. pa cifica x
Centropyx is aculea ta
C. constricta
Oopyxis sp.

Station number 9 10 11 12 13 14 15

Distance along transect ( m) 60 70 80 90 100 110 120

(live/total) L T L T L T L T L T L T L T

No. of species/lO cc 6 8 7 7 5 6 5 6 5 8 4 8 1 4
No. of individuals/10cc 527 3,768 792 2,684 149 935 1,430 4,470 38 153 32 52 16 122
Ammoti um salsum
Eggerella cdoena
Gaudryina exilis
Haplophragmoides ma nilaensis 1 x x
H. ioilberti 19 40 32 32 32 18 10 17 61 26 38 29
Miluim mina [usca 13 19 2 6 3 3 6 8 1 2
Poiysa ccammina ipohalina
Pseudo th uram mina limn eti s x 11 14 6 8
S iphot rochammina lobata x x 1 x
Tiph otrocha comprim ata 2 x x
Trochammina in flata 59 18 19 16 44 54 43 25 5 3
T. m acresce/lS f. ma crescens 7 19 44 44 20 26 41 49 21 22 47 40
T. macrescens f. polystoma J 3 3 2 1 1 3 31 9 6
T. ochracea
T. pacifica
Centropyxis aculeata 6 2
C. constricta 3 6 2
Oopyxis sp. x 1 4 100 96

P HLEGER'S (1967) wor k was a pioneering st u dy ba sed on a
limited number of samples (except for the Missi on Bay , Ca l
ifornia, sa mples ) and h en ce it is not a fai r com parison wit h
the materi al s ince that t im e. Howeve r, PH LEGER'S data h a ve
little resembl a n ce to t he da ta of J ENNINGS a n d NELSON
(1992) from Coos Bay, Orego n or PATTERSON (1990) from th e
Fraser River De lta, B.C. PHLEGER'S total a bundances were
very low and not diagnostic for vertic a l zon ations, unl ike t h e
more recen t data . PHLEGER made no a t te mpt to differentiate
zona ti ons and had low sample density . If hi s samples were
n ot fres h ly collected , t hey might a lso have degraded (SCOTT
and MEDlOL1 , 1986 ) as wa s a lmos t certa in ly the case in hi s
Alas ka material which was colle ct ed from a m arsh that h ad

been s upra t ida l for a yea r after being uplift ed by t he grea t
196 4 Alaska earthqu ake. Hen ce, t he ne w data from ot hers
and those presen ted here hav e grea tly enh anced ou r knowl
ed ge of Pacific Rim marsh fa u nas .

JENNINGS a nd N ELSON (1992) provid ed a ni ce compa ri son
of North Am eric an wes t coast data with data from the Atl an
tic Coa st (SCOTT and MEDIOLI, 1980a , Nova Scotia; SCOTT,
D.K. and LECKIE, 199 0, Massachusetts ) indica ti ng that so me
of the most common species on the ea s t coast are either not
present or ra re on th e P a cific Coa st (e .g. Tiphotrocha com
prima ta, Ammoastuta inept a ). This is still vali d eve n with the
a ddit ion a l da ta presented in this pap er-To comprimata, a
com mon high-m iddle marsh s pecies , is rarely present in any
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Ta ble 5. Northern Californ ia, Hu mbold t Bay, Tra nsect / forami niferal percentage occurrena s. L = living, T = total, x = <I %. These data are plotted in
Figu re 6.
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T macrescens f. macrescens
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Ta ble 6. Central California, Elkh orn Slough, Transect l foraminiferal percentage OCCllrrences. L = living , T = total, x = < J%' These data are plott ed in
Figure 7.
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Table 7 Summary o] all QuanUtative Pacific Coast salt marsh foraminiferal data. Species listed in order of importance. Species in parentheses occurred
at only one transect in area. Trochamminri m. f. refers to Trochammino. macrescens f. either macrescens or polystomu.

Hokkaido

British Columbia

Washington State

Oregon

N. California

C California

S. Cali fornia

Chile

New Zealand

High Marsh

Trochamrnina m. f. macrescens
Haplaphragmoides manilaensis
Miliammina [usca

Trochammina m. f. macrescens
Trochammina inflata

Trochammi no m. f. mucrescens
Trochammino. inflcta
Haplophragmoides wilberti
Trochammirui m. f. polystomo

Trochammina m. f. macrescens
Trochamrnina inflata
Haplophragmoides spp.

Trochammina inflate
Trochammina m. f. polystoma
Milio mmina [usca

Trochammino. m. f. polystoma
Trochammina inflata

Trochommina inflaui
Trochommino m. f. poiystomo

Trochamminita salsa
Haplophragmoides spp.
Pseudothuramrnina limnetis

Trochammina inflate
Trochomminito salsa
Haplophragmoides unlberti
Trochommirui m. f. nwcrescens
iMiliammina [usco.)

Low Marsh

Miliammina [usca
Trochammina m. f. macrescens
t.Trochomrnino. inflate)

Miliammina [usca
Ammonia beccarii
Ammobaculites exiguus
Elphidium spp.

Miliammirui [usca
Ammotium salsum

Miliammina [usca
Reophax nana
Ammotium salsum.
Ammobaculites exiguus

Miliammina [usca
Calcareous spp.

Miliarnmina [usca

Polysaccarnmino. hyperhalina
Miliammina [usca
Calcareous spp.

Miliammina [usee

Elphidium spp.
Haynesina depressulum
other Calcareous spp.

marsh samples yet examined from the Pacific. Also it is not
common in the Southern Hemisphere in either ocean (SCOTT

et al., 1990; HAYWARD and HOLLIS, 1994). One low marsh
species, Amnwastuta inepta, common to abundant in brackish
warm marshes of the Atlantic in both hemispheres, has never
been reported from the Pacific. In summary, there appear to
be a few endemic marsh species. Differences between the east
and west coasts of North America (and maybe South America
although we have limited data from the west coast of South
America) might be attributed to the different climatic re
gimes. However, it is also true that the migratory bird path
ways from the two ocean basins do not cross. This could be a
greater factor than climate, since birds can transport fora
minefera over considerable distances and most species of
marsh foraminifera appear to be able to tolerate extreme
ranges of temperature.

It is apparent from examining all these data, however, that
there is a characteristic high marsh fauna that is almost uni
versally made up of Trochammina spp. and sometimes Hap
lophragmoides spp., if the area is brackish. There are few
calcareous high marsh species and these only occur in hyper
saline marshes (e.g., Discorinopsis aguayoil and in low
marshes. However, these are usually not preserved in the
subsurface. Although the high marsh foraminiferal zones in
the Pacific do not appear to provide the absolute accuracy

found in Atlantic marshes, particularly Nova Scotia, the ver
tical range resolution is always at least as accurate as 2:30
em, since that is the maximum range of upper marsh areas
that have been measured. Hence, for the studies of rapid sea
level changes caused by earthquakes or other factors, marsh
foraminiferal zonations appear to be the most accurate indi
cators.

TAXONOMY

We include no taxonomy here but refer the reader to SCOTT
et al. (1990, 1991) and SCOTT and MEDIOLI (1980a) where all
species discussed here are illustrated with taxonomic listings.
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