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1. DATA REPORT: INTRA-ANNUAL VARIABILITY OF THE DIATOM ASSEMBLAGES
AT HOLE 1034B (SAANICH INLET) NEAR 9 KA!

Elisabeth Fourtanier? and John A. Barron?

INTRODUCTION

Ocean Dirilling Program (ODP) Site 1034 (48°38.000'N,
123°30.000'W) was drilled at a water depth of 200 m in the Saanich
Inlet, an anoxic fjord on the southeastern coast of Vancouver Island,
British Columbia, to a depth of 118.2 meters below seafloor (mbsf).
The uppermost 50 m consists of very well-laminated (triplet varves)
diatomaceous muds deposited over the past 7000 yr. Below, sedi-
ments become progressively less distinctly laminated and reflect bet-
ter oxygenated bottom-water conditions. The oldest sediments recov-
ered at Site 1034 were dated as 14 to 15 ka (see Shipboard Scientific
Party, 1998).

Varved sediments recovered during Leg 169S in the Saanich Inlet
offer an excellent opportunity to compare the interannual variability
of recent climatic elements (e.g., sea-surface temperature, salinity,
precipitation) with those of late Quaternary periods that were charac-
terized by climates appreciably different from those of today. A large
amount of recent diatom data from Saanich Inlet exists, which can
serve as a baseline for such comparisons: Sancetta (1989a, 1989b,
1990) investigated modern processes controlling the accumulation of
diatoms and spacial and temporal trends of diatom flux in the Inlet;
Sancetta and Calvert (1988) documented the annual cycle of sedi-
mentation in the fjord. McQuoid (1995) and McQuoid and Hobson
(1997) studied the modern pattern of diatom succession in the Saan-
ich Inlet and analyzed the diatoms in laminae couplets in frozen sed-
iment cores for the years 1900 to 1991 A.D.

During the hypsithermal warming of the early Holocene (~10-6
ka), climatic conditions throughout much of northern North America
were warmer and drier than those of the present (Pielou, 1991; Hebda
and Whitlock, 1997), largely as a result of increased solar insolation,
which peaked between 10 and 9 ka at 65°N (Berger and Loutre,
1991). Temperatures are estimated to have been 2° to 4°C warmer
than today for most of this interval, reaching a maximum between ~9
and 7 ka (Hebda and Whitlock, 1997). According to Heusser (1983)
and Heusser (1985), rapid warming occurred at ~10 ka in southwest-
ern British Columbia with summer conditions that were drier and as
warm or warmer than today lasting until ~6 ka. Clague and Mathewes
(1989) report that treeline elevation in the southeastern coast moun-
tains of British Columbia reached elevations that were between 60
and 130 m higher than today between 9.1 and 8.2 ka. Thompson et al.
(1993) argue that the driest conditions (period of maximum summer
drought) of the Holocene were reached in western North America at
9 ka. The warmer and drier conditions of this Holocene thermal max-
imum were gradually replaced by cooler and wetter conditions (Heb-
da, 1995; Hebda and Whitlock, 1997).

This report describes the intra-annual variability of the diatom as-
semblages at Site 1034, during a 8-yr interval near 9 ka. Pollen and
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dinoflagellates are being studied from the same samples by R. Hebda
and P. Mudie (unpubl. data).

MATERIAL AND METHODS

Although the sediments at Site 1034 are well laminated between
the seafloor and ~50 mbsf, they are only intermittently laminated be-
tween 50 and 65 mbsf. The interval around 9 ka is located near the
bottom of Core 169S-1034B-7H at Sample 169S-1034B-7H-4, 107
cm, dated as 8.469-8.891 ka (**C-corrected calendar yr BP) and Sam-
ple 169S-1034B-7H-6, 129 cm, dated as 9.148-9.419 (**C-corrected
calendar yr BP) (Shipboard Scientific Party, 1998). The interval at
169S-1034B-7H-6, 9-22 cm (~62 mbsf), is well laminated with lam-
inae consisting of varves ~1.2-cm thick on average (R. Hebda, pers.
comm., 1998) and was consequently selected by Richard Hebda for
our study. Sampling was performed by Richard Hebda.

Sampling Method

A quarter-section study segment, interval 169S-1034B-7H-6, 9—
22 cm, was removed from the core and immediately frozen. For sam-
pling, the segment was unwrapped and placed on a freezing stage.
Using a sharp knife with a millimeter scale for reference, 1-mm-thick
pieces of core were scraped off perpendicular to the core axis. It was
assumed that the sediment layers were flat lying and that each 1-mm-
thick piece represented the same time of the year. Although the lam-
inae were clear when the core segment was removed from the main
core, they were mostly obscure after the segment was frozen. The 1-
mm-thick sediment samples were scraped onto a glass microscope
slide and then washed into plastic vials. Distilled water was added to
the vial, and the sample was shaken and then immediately divided
into two, one part for diatom analysis and the other for pollen and di-
noflagellate preparation. Two to three centimeters of core were sam-
pled at a time, because the core began to soften and we wanted to
avoid deformation of the sediment layers (R. Hebda, pers. comm.,
1998).

Preparation of Material for Diatom Analyses

Samples were received from R. Hebda as wet residues. They were
then processed for diatom analysis at the California Academy of Sci-
ences (CAS). The samples were dried, weighed, and cleaned using
H,0,. The residues were rinsed by diluting in distilled water and de-
canting after 24 hr (this process was repeated twice). The clean resi-
dues were then suspended in a known volume of water, and, for each
sample, two subsamples of a known volume of the suspension were
sampled and deposited on a cover glass. After the residues had dried
overnight, they were mounted on glass slides using Naphrax. Thus,
two slides per sample were prepared.

Diatoms were identified and counted under the light microscope
at 1000x. A total of at least 300 valves was counted per sample, with
about half of the counts done on one slide and the other half on the
other slide.
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RESULTS OF QUANTITATIVE ANALYSES

Table 1 reports, in percentages, the relative abundance of the var-
ious diatom taxa counted in each samples. Intra-annual variations of
selected taxa are plotted on Figures 1-5.

Percentages of Chaetoceros spp. and percentages of Skeletonema
costatum, the two dominant taxa, are plotted on Figure 1. Given a
sedimentation rate of ~1.2 cm/yr in this interval (R. Hebda, pers.
comm., 1998), these two species do not show clear annual cycles.
Skeletonema costatum, however, shows two peaks of abundance at
~13-14 cm and 18-19 cm. The peaks in Skeletonema costatum abun-
dance appear to be about 5 yr apart, similar to the 4- to 7-yr cyclicity
observed by McQuoid (1995) in modern sediments. McQuoid (1995)
and McQuoid and Hobson (1997) have shown that the peaks were sit-
uated between ENSO years.

Annual cycles can be observed in the relative percentages of lit-
toral and freshwater diatoms in the assemblages, with cycles repeat-
ing every 1.0-1.5 cm, approximating the average annual sedimenta-
tion rate at ~9 ka (see Fig. 2). The highest abundances of littoral taxa
probably represented passive transport from the margins of the fjord
(Sancetta, 1989b), and correspond to the winter deposition (Mc-
Quoid, 1995). Furthermore, McQuoid (1995) has suggested that the
littoral taxa were most abundant in the sediments during times of
heavy winter rains. McQuoid and Hobson (1997) observed highest
concentrations of Thalassionema nitzschioides in the late spring/
early summer sediment layers, although some of the sediments la-
beled as “summer” could also have included September and October
deposition (M.R. McQuoid, pers. comm., 1999). Sancetta (1989b)
reported greatest abundance in the fall (September and October).
Reduced relative abundance of T. nitzschioides tends to correspond
with intervals of reduced relative abundance of the littoral taxa (Fig.
3), suggesting a seasonal proximity of 7. nitzschioides abundance
with the wetter winter interval.

Thalassiosira species are characteristic of the early spring deposi-
tion in modern sediments (McQuoid, 1995). The section at 9 ka shows
variation in the relative abundance of Thalassiosira spp., but yearly
cycles are not clear (see Fig. 4). Relative abundance of Cyclotella spp.
(represented mostly by Cyclotella caspia) does not show clear yearly
cyclicity (see Fig. 5); however, it is interesting to note that many of the
peaks of Thalassiosira pacifica (a species that blooms in the early
spring, according to Sancetta, 1989b) immediately precede the peaks
of Cyclotella caspia (blooming in the summer).

TAXONOMIC RESULTS

Selected Diatom Species Identified
in Interval 169S-1034B-7H-6, 9-20 cm

Planktonic Diatoms

Actinocyclus curvatulus Janisch: rare (<1%)
Bacteriastrum sp.: rare (<1%)
Chaetoceros spp.

Both spores and vegetative cells of Chaetoceros spp. were abundant in the
sediments examined, comprising generally 35% to 65% of the assemblages.
Vegetative cells were usually not attached in chains, and identification to the
species level was usually impossible. The vegetative cells of Chaetoceros
radicans were recognizable only when the setae were still attached. All Chae-
toceros species not identified at species level were counted as Chaetoceros
spp. Chaetoceros spores were easier to identify; however, because of break-
age or inadequate preservation, many were counted as Chaetoceros spp.

The following four species of Chaetoceros were observed:

C. radicans Schiitt: relative percentage values up to 10% were reported. This
number, however, was probably underestimated for the reasons explained
above.

C. debilis Cleve: rare (<1%)
C. diadema (Ehrenberg) Gran: rare (<1%)

C. vanheurckii Gran: rare (<2%)

McQuoid (1995) and McQuoid and Hobson (1997) reported the Chaeto-
ceros species to be most abundant during the early spring to early summer
sediment layers, with C. debilis, C. diadema, C. didymus, and C. vanheurckii
as the most abundant in the early spring layers and C. radicans and C. com-
pressus as the most abundant in the late spring/early summer layers. Sancetta
(1989b) reported high abundance of Chaetoceros radicans in late spring
(May-June), and reported C. concavicornis, C. debilis, C. vanheurckii, and C.
didymus to be most abundant in the fall bloom (September—October).

Coscinodiscus radiatus Ehrenberg: rare (<1%)

Cyclotella caspia Grunow (?) sensu Sancetta 1990: common (<10%)

Most of the Cyclotella species counted under Cyclotella spp. probably be-
long to this taxon. Sancetta (1989b) noted that this species was present and
abundant in Saanich Inlet only during summer months (July—August).

Cyclotella litoralis Lange & Syvertsen: rare (<1%)
Present, but rare in Saanich Inlet during summer and early fall (July—Sep-
tember) (Sancetta, 1989b)

Ditylum sp.: rare (<1%)

Nitzschia pacifica Cupp: usually rare (<2%), although one peak of 10% was
observed at 169S-7H-6, 15-16 cm.

Nitzschia pungens Grunow ex Cleve: rare (0-2%)
Most common from June to August (Sancetta, 1989b)

Proboscia alata (Brightwell) Sundtrom: rare (<1%)

Rhizosolenia sp. (R. setigera Brightwell?): rare (<1%)

This species blooms in late October in the Saanich Inlet (Sancetta, 1989b).
McQuoid (1995) reported that it was found exclusively in the fall/winter sed-
iment samples, and only after 1940 (M.R. McQuoid, pers. comm., 1999). This
species was either absent or very rare in our samples.

Skeletonema costatum (Greville) Cleve

Composes 5%—75% of the assemblages.

McQuoid (1995) and Sancetta (1990) reported highest abundance in the
water column in early spring to early summer. McQuoid and Hobson (1997)
reported highest abundance in late spring/early summer sediment layers. Mc-
Quoid (1995) and McQuoid and Hobson (1997) noted a cyclic pattern of vari-
ation in S. costatum abundance, with a periodicity of 4 to 7 yr on average, and
observed that the El Nifio Southern Oscillation (ENSO) years usually occur
between the periods of high S. costatum abundance.

“Synedra” sp.: rare (<1%)

Thalassionema nitzschioides (Grunow) Meresch.: common, usually making
5%—-10% of the assemblages.
McQuoid and Hobson (1997) observed highest concentrations in the late
spring/early summer sediment layers. Sancetta (1989b) reported greatest
abundance in the fall (September to October).

Thalassionema spp.: rare (<1%)

Thalassiosira species
The assemblages comprised 10%—35% of Thalassiosira spp. including:

T. eccentrica (Ehrenberg) Cleve: rare (<1%)

According to Sancetta (1990), this species is present throughout the year
in Saanich Inlet, ~1%, rising to 4%—8% in early spring (April and May). Large
specimens (>50 um) are confined to the early spring (Sancetta 1990).

T. lineata Jousé: rare (<1%)

T. nordenskioeldii Cleve: rare (<2%)
Occurs throughout the year, according to Sancetta (1990). Maxima up to
20% during early spring bloom (March and April).

T. oestrupii (Ostenfeld) Prosch.: rare (<2%)

T. pacifica Gran & Angst: rare to common (0%—10%)

According to Sancetta (1990), this species occurs throughout the year,
with maxima (20%-30%) during early spring (April and May), also common
(10%) in winter (December to March), otherwise usually 5%.

McQuoid and Hobson (1997) noted that Thalassiosira spp. (T. pacifica, T.
eccentrica, T. gravida, and T. nordesnkioeldii) were characteristic of the early
spring deposition.

Thalassiosira spp.
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Table 1. Relative abundance of the various taxa found in the sediments of Section 169S-1034B-7H-6.

PajuNod ejo],

SUWOJRIP IOJEMUST]

SswojeIp dIuag

HAUMOXO =N DNTOUNTARNAN N OATOATTOAN—ANANODNANTTNOOO =0T NN N — AN —
AN AVOSFTFTFTITONA -~ —aonFurno—aasttavamAavaAamoddsnATvYVtt—antTAORRY N T O —on—aAl
AN AN 0N 6N EN N eN N N NN NN N Al 6N NN 6N N N Al 0N 6N 6N N 0N 6N 6N 6N 6N N 6N 6N N 6N 6N <F 6N 6N 6N 67 6N 6N 67 6N 6N AN 67 6N ¢ 6N 6N 6N N 0
N —=INANMNOOFTOONAT VRN ONNTANOND \O 0 O N N0 O — OO QU NN O oS o0 o\
SR~~~ O~ SIS~~~ —~—3S S~ o ConSSAS—AaS——S—S —a —Nn =S

NSO AN— QNN NOFTOANAANNS O — AN NAS QRO NN TSSO e < Fn— A
6887768677636060579777743557854 FF OO —mrm—rnaaan NS OO n

o o enNOoMnm Mo nen e O Ny nennAn oo 32} chenen e}
DIpIINS VYDAV | S Soocoococos oo —oc Soo S oS coococoo S cSoo S
o0 o e} =Bt I ] «@
suapuapds snyofidoundy | = S =] S o oo =)
o o « “ mon 9 o\ « « 0 « )
snvuas snysfjdouroy coo s o =] <] ISR =1 <] <] So <] =]
] =~ 9n Yoo o AN R o M ®ame
sworerp onyuerd vy | S S o= oS3S3 o SococoIS S —~ o oooo
o) @ ekt o] et o)
DULISSISUO] XLIYIOISSDIDY | =] S o =1-} S oo =
AN MO TRFTNOR ANROMOTMOME AVND 00 VNAOSNS —t—an—<— OAONSWM
“dds nasorssvppy [ 80988988078977830909001109888483190 N NnONNAN—~— oA NN~ = RS
1501 =R = === AN ===
Do1fiond DAISOISSVIDY] | S F A a NN — S aS ——Saad—aa—~—aoS S—=OSFm—mO=amme =08 <1318 S 0aa
QRN RA =g o Mmoot atannaag nae QYL YAV ORLOON QNG o«
1dnijsao DAISOISSVINY] | SSS AN —aim — S OOSS—OS—O—=S—oo —cc SOS— OSOCOOSSOoSS OSSOSO —
e} Qe L@ e o Qo @ eemant Aaeng My e o0 e 9
1pjaonisuapiou DA1SOISSVIDY | (= =S oo Oo o= oo [=¥=) (= SSS—al— SO =S = coC oo —O
«@ ¢ aean X Mo aaea Qaa L @ o o« o Lar\we bl
DIpaUL] DAISOISSVIDY ] | S S oo ooo S o—-co cSooo Sooc o S o o S coso S—o
QoA N M M MM N NOANAVM MM 09 O 9 A © LN 0o MM MM
DOLUIIID DIISOISSDIDY] | S S S —S SO0 S S OO SO0 —oSSoc—S o So—o S o S SoS ocooo—ooo
el @ o0 o e « 09 « «
“ds puwauoissoppy] | S S S oo =F-1 co =} =1=} S S
B AN —~N AN~ O0RRNO O~ IN—NN—= OO~ OSSO — NS — < —
SIPIOIYISZIIU PUWAUOISSDIDY] | ¥ R E S B~ BN B INA R A BSOS B SN F O S nmrnta—craan e F SN S < < i S
. CHRLVNOLOVONNONO = OIZONY bt} =\ i} o oq o - 'Y o
(ourrew) “ds papaudg SO —O—SSS S = —_ (=¥ S oo o - oo @~
o cnhen o o~ [ag}
-dds sixddouvydag | S So IS S S
. T =N = Y= IS0 NN N CROOC—=ANRNNATA—ANRA—R NN —A—NO Mg Od NAoon
WHIDISO) DUSUOIIIYS | oS SN A = N AN B N AT NS SN OO F NSBB8 S B CE B I NN AN S+ OO OVaaw o
—— O — — — ——— — ——— — —_—nln NN AN A A — O — —_——
(v4281105) *ds puajosoznyy SS =1-} S S oo ood S = Soso S
Mo A QAR VO OMR© MeYRLS o ©O o © © o Mmoo —9amand
DIDID DIXSOQOL] | S S —S —S S OO SO~ SSSsss —~ I (=T (=T COO—~——O0 00O —
vorfiond Dros2in CO CRMONALCLOAN NOM CAMEMNEROOO O CNOONOEANNG o n cmenem ) o —
13 MYSUIN | — S —~C oSS~ OO0 OO0 ——000000000oS——S oS S ocoo oo S—ei
) AN —NANA—AANY ONNOOLY ONOAN—AANO—=AOSN MmN nN o O oMM
suadund piyIsIN | SS S —— =S AS ———— OO0 CCC—=—O00CS =m0 —O0—-—00 0000000 oS S—ooocoococooS
bt} o N bt}
ADUIUDS DINOUIPOIN = S S S
€ @ ] ekt ) ]
“ds wnpdng o o =1 oo S o
(=)} =) o [ag} o
“dds s1ourydiaq S — =] =1 =]

+dds ppa10196H

344323453311353345643642212331122020111102031252325236397

. NOANONOMm ) 3] ~\0
s1ypa011] 1121019 S ocodoocooo S S SIS
o o
“ds snosipourdso) | < S
N enen\o cnon [ag} o [ag) o
SMIDIPDA SNISIPOUIISO)) Soss SS S o S =
dds s04200190y) | S SRR S BN S O ON NG NGO A ST =B OSSR AT AR RO FTRB IR TB NN~ SF IR GG OR
TIFITIFI ST T IOAITIIITITONT TR T NN NN AN ININ NN NNt ==t TFrontnmnTonmant

QAL TN YOO MNXNTEN NG N TETNN—QAAO—OTRANN—OTFTNON AN—ANY A Y 0N
SUDIIPDL S042201DY) | SO NN AN F St~ —AtBoaFrnrnmanmannltSrnSaS—nt NGNS S OaT e
. it} o o —\gQnan o Lneno ) = Qo 9
%S:&aﬁtm@mm oo — cococo oo —ocoS O cococoo (=} o oo o
. X M ] Qee o ] it} «n o« e o«
ds pupjpong | S <SS =} oo o =} SO [=J ) S o o —
o D] ] cnom Qeon « ‘e ] ]
smpnpaand snjpooundy S (=¥ = [=F=F=} cococ o oo (=] =]
VO L0 ] O rn0<0< O Or0,0 V000
wopearsad | 00L0OEE352808558Fv0Z0EsE85855552080v0ZuZoZusE8s858sss5500
O~ ANNTNONOAS—ANNTNONRAD—ANNTNONROAS— NN TN ONROAD — NN T INONS0RAS — A o<t
B E | O O o o e T T T 1 e 1 e 1 T 1 T |
B8 | lctddtddt Rl tdd~dht el dddtdb g hdlodd ~dhIndrthdd~dhdndtoddtdn
o e e R e R e R R e e b ke b R s R R RS R RS S R RS RS R R R R R R R R R R e s s s s s s s R a L ha ]
I S S S i v vt et v o 1




DATA REPORT

Table 1 (continued).
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Figure 1. Abundance of Chaetoceros spp. and Skeletonema costatum vs. depth in section.
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Figure 2. Composite (area) diagram of the abundance of littoral diatom taxa vs. depth in section.
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Figure 3. Abundance of littoral diatoms (benthic and freshwater), and the species Thalassionema nitzschioides vs. depth in section.
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Figure 4. Abundance of the various Thalassiosira taxa (Thalassiosira spp., T. pacifica, T. oestrupii, T. nordenskioeldii, T. lineata, and T. eccentrica) vs. depth in
section.
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Figure 5. Abundance of Thalassiosira pacifica and Cyclotella spp. (mostly Cyclotella caspia) vs. depth in section.

Under this category were counted unidentified Thalassiosira species.
Thalassiothrix longissima: rare (<1%)
Meroplanktonic Diatoms

Actinoptychus senarius Ehrenberg: rare (<1%)

Paralia sulcata (Ehr.) Cleve: rare (<1%)

Littoral Diatoms

The diatom assemblages counted include between 2% and 10% pennate
diatoms (e.g., Amphora spp., Cocconeis spp., Diploneis spp., Navicula spp.),
which probably originated from the margins of the fjord. McQuoid (1995)
suggested that these littoral species were more abundant in the sediment dur-
ing times of heavy winter rains. Similarly, Sancetta (1989b) noted that the
winter fluxes consisted mostly of single valves of benthic taxa such as Paralia
sulcata, Amphora spp., Gomphoneis spp., Navicula spp. and Cocconeis spp.,
which probably represented passive transport from the margins of the fjord.

Freshwater Diatoms

A small number (~0%-2%) of allochthonous freshwater diatoms (e.g.,
Aulacosira spp., Cyclotella spp., Fragilaria spp., Gomphonema spp., Hantz-
schia sp., Nitzschia spp., Synedra spp.) was found in the sediments.

CONCLUSIONS

Further observations and conclusions will be possible when the
results of the diatom analyses are integrated with pollen data (R.J.
Hebda, unpubl. data) and dinoflagellate data (P.J. Mudie, unpubl.
data), as well as with the sediment color descriptions.
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