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Seasonal fluxes of silicofiagelRates and Actiniseus in the
            subarctic Pacific during 1982-1984

by Kozo Takahashi'

                                ABSTRACT
  A seasonal fiux study of silicoflagellates and Actiniscus was conducted at subarctic Pacific

Station PAPA (50N, 145W; water depth 4200 m) during September, 1982 through
August, 1984 using PARFLUX high resolution time series sediment traps deployed at 1000 m
and 3800 m depths. The time series sediment trap samples were collected for 4 to 16-day periods

depending on the samples; most of the samples were collected for 14 to 16-day periods. From a

depth of 3800 m, a total of 47 samples represents a nearly two-year continuous record of the
fluxes ofsilicofiagellate and Actiniscus taxa. An additional 12 samples from 1OOO m represent a

6-month period, providing synchronized time series samples with the deeper depth which is
essential to understand particle sinking processes.

  Seven silicoflagellate taxa, several variants of silicoflagellates, and Actiniscus pentasterias
(Ehrenberg) group were examined. A total of more than 32 Å~ 103 specimens were identified to

species level and counted in this study. Distephanus speculum (Ehrenberg) and Dictyocha
mandrai Ling are the dominant taxa, generally contributing >759o of the flux assemblages.
Considerable intra-annual and interannual flux variability was observed with the range of total
silicoflagellate flux varying from 5 Å~ 103 to 700 Å~ 103 skeletons m-2day'i during the two years.

Seasonal flux patterns of D. speculum and its closely related taxa are internally consistent and

they conform with the productivity signals shown by diatom, total mass, or opal fluxes. The
seasonal flux pattern of D. mandrai exhibits its own unique late fall/early winter signals with

most ofthe cumulative flux concentrated during this season in year 1,

  The sinking mechanism of silicoflagellates is large aggregates which sink faster than discrete

specimens. Silicoflagellates generally sink faster than marine snow mediated diatom assem-
blages. The larger influence of fecal material may be responsible for the observed faster sinking

speeds than those of diatoms. No significant dissolution of silicoflagellate assemblages occurs in

the water column due to innate protection and to accelerated sinking. Most ofthe silicoflagel-
lates supplied to the sea floor are subsequently dissolved, and only 19o of the total supply is

preserved in the surface sediments, with considerably altered assemblages.

1. Introduction

  Silicoflagellates are marine chrysophytes which dwell in the euphotic zones of
essentially all parts ofthe world oceans. Their microplankton size skeletons(20-80 "m)

are composed of biogenic opal which can be preserved in the sedimentary fossil record.

  1. Department of Geology and Geophysics, Woods Hole Oceanographic Institution, Woods
Massachusetts, 02543, U.S.A.
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The numerical abundance of silicoflagellates in siliceous plankton standing stocks is

generally less than that of diatoms and is followed by radiolarians. Due to the small

mass of silicoflagellate skeletons, their contribution to Si02 flux is no more than a few

percent, but numerous skeletons in fluxes make them good tracers for the vertical

transport mechanisms of settling particles (Takahashi, 1987a). Some silicoflagellate

taxa are considered to be useful as environmental indicators such as for high
productivity and oligotrophic waters (Murray and Schrader, 1983; Takahashi, 1987a).
The recent rapid progress in using silicoflagellates as a tool to interpret the fossil record

yields a promising future for reconstructing paleotemperature variation (e.g.,
Ciesielski,1975) and paleoproductivity (e.g., Schrader and Baumgartner, 1983)
studies.

  In a previous paper (Takahashi, 1987a), silicoflagellate fluxes at meso- and
bathypelagic depths were assessed at four different environments ranging from the
temperate oligotrophic Atlantic to the tropical eutrophic Pacific in which temperate to

tropicalspecies were dealt with.In that paper, not only were detailed vertical processes

examined but also indicator species for productivity and oligotrophic environments

were proposed. A time-series flux assessment throughout the year was not conducted in

the previous study in the low latitudes where relatively small seasonal changes in

productivity were expected.

  The objectives of this paper are as follows. As the fossil records generally exhibit

mixed signals from different seasons with unknown ratios between them, it is diMcult

to assess summer or winter conditions accurately by studying fossils alone. If we can

understand the seasonal variations of supply rates of microfossils to the sea floor,

accurate paleoenvironmental assessments will be possible. It is important to study year

to year variability of the supply rate in the short term as well as in the long.term. For

these reasons it is desirable to conduct a high resolution time-series vertical fiux study

of silicoflagellate assemblages in an area where primary production is seasonally

highly variable. Furthermore, it is crucial to understand the processes of fossil
preservation in the sedimentary record, in particular, early diagenesis in the water

column. Less than a few percent of biogenic opal is generally preserved in surface

sediments and the bulk of the supply is dissolved in the vicinity of the sea floor

(Takahashi, 1983, 1986), indicating the significance of such a dissolution mechanism

to the fossil record. It is likely that all of the preserved fossils go through some level of

dissolution process in corrosive water with respect to biogenic opal. Without a better

understanding of the dissolution/preservation processes, it is diMcult to link the

present with the past. Therefore, a part of this study is focused on the effects of

dissolution.

  Since silicoflagellate fiux is a function of organic production in the overlying

euphotic zone (Takahashi, 1987a), flux studies on materials collected from the
bathypelagic zone will provide productivity signals, a part of which will be subse-

quently preserved in the fossil record. Therefore, one can expect the results of this

study to be of value for interpretive paleoproductivity. Whether temperature signals
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Figure 1. A map showing the location of PARFLUX sediment trap Statien PAPA with
 bathymetric contours in meters.

(e.g., Ciesielski, 1975) can be derived from the flux assemblages or not will decide the

potentialuseofsilicofiagellatesforfuturepaleotemperaturestudies.

  Theresultsofadetailedhighresolutiontime•scriesvcrtica1fluxstudyofsilicofiagel-

lates during 2 years from September, 1982 to August, 1984 at Station PAPA (Fig. 1;

50N, 14SW; water depth 42oo m) located in the Alaskan current gyre are presented.
Station PAPA was the site of Canadian Weather Station P and numerous hydr"
graphic data were co11ected there from 19S6 to 198l (Anonymous, l981; Tabata and

Peart,1985;andunpublishedobservationsbytheInstituteofOceanSciences,Patricia
Bay, British Columbia). The study of a continuous 2-year flux rooord provides an

opportunity to 1earn the extent of intra-annual and interannual variabilities in

present-day sedimentation rates. A pair of sedirnent trap samples co11ected simulta-

neausly from two depths for 6 months enable us to clarify vertical sinking processes.

  TheActint'sc"spenttzsteriasgroupwasalsostudiedbecauseofitssimilarsizeand
abundance to silicofiagellates and is included in this report. Actiniseus pantasterias is a

dinofiagellate which secretes a pair of silioeous cndoskeletons in the ceil (Orr and

Conley,1976).Noebridiansoccurredinthernaterialstudied.
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2. Methods

  An automated time series PARFLUX Mark 5 sediment trap was deployed at
3800 m for 4 periods of 6 months each for a total of 2 years. Forty-seven samples

(September, 1982-August, 1984; PAPA I, II, III, and IV) were collected by bottom

tethered mooring array (Table 1). An additional trap was deployed at 1000 m for a

6-month period and its sampling intervals were synchronized with those of the 3800 m

trap; 12 samples were collected (PAPA II). The Mark 5 sediment trap has a conical
collection funnel made of polypropylene with a surface opening of 1.167 m2 which is

covered with a 94-cell honeycomb baMe. The funnel is connected to a rotating disk

located underneath. The disk has 12 screw-on sample containers (250 ml each) and

turns according to a preprogrammed schedule set into a command microprocessor

(Honjo, 1984; Honjo and Wong, 1985). The containers had sodium azide as a
microbial poison. A total of 59 time series sediment trap samples were collected for 4 to

16-day periods; most of the samples were collected for 14 to 16-day periods (Table 1).

Dissolution of opal within the sample containers during the deployment and storage in

the laboratory was not significant as shown by dissolved silicon measurements of

supernatant of the samples (Manganini and Honj o, 1985).

  The microslide preparation method used in this work is similar to that employed for

a diatom study (Takahashi, 1986). Briefly, a sample is sieved through 1000 ptm and

63 ptm mesh stainless screens. Both 63-1000 ptm and <63 pm size fractions are split

into four aliquots using an Erez-Honjo precision liquid rotary splitter (Honjo, 1978)

with an accuracy error of less than 59o. The splitting is repeated until a desirable

aliquot size was obtained, requiring several repetitions. Because silicofiagellate fluxes

varied greatly with seasons, the aliquot size had to be changed often in consecutive

samples. An appropriately split aliquote of63-1OOO pam was wet sieved through 250 pam

and 125 ptm mesh screens. The size-fractioned aliquot of the appropriate sample size

(see Takahashi, 1985, for details) is filtered through a 47 mm HA Millipore@ grid

membrane filter with a nominal O.45 ptm pore size using a rectangular stainless steel

filtration funnel with a 19 Å~ 42 mm opening. The filter is rinsed with distilled water to

remove salts and then dried in an oven. After trimming off the excess margins, the

dried filter is mounted with Cargile@ type B immersion oil on a standard glass
microslide. The oil-immersed filter is left overnight in a clean box in order to drive air

bubbles out of the biogenic particles. A cover glass is placed over the oil with Devcon@

5-minute epoxy adhesive on four corners of the cover glass to secure the sample on the

slide.

  Silicoflagellate counts were performed with a light transmission microscope with

wide-field, 10Å~ eyepiece lenses and a 20Å~ S PIan Apochromat objective lens with a

total magnification of 200Å~. Silicoflagellate flux values reported in this paper are the

sum of four size fractions actually studied: <63 pm, 63-l25 ptm, 125-250 pam, and

250-1000pm. Detailed counts and fluxes for each size fraction of silicoflagellate
species, as well as detailed methods and statistics, are reported elsewhere (Takahashi,
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Table 1. Sampling intervals for PAPA I-IV deployments of PARFLUX time-series sediment
  trap experiment at subarctic Pacific Station PAPA. Dates represent opening and closing times

  of sample cups placed with a tight seal under the conical PARFLUX Mark 5 traps (surface
  area -- 1.167 m2). For deployment II there are two synchronized depth samples from 1000 m

  and 3800 m of each sequenced sample number.

                                                                   Duration
    Deployment

PAPA I
  3800 m

PAPA II
  1000 m & 3800 m

PAPA III
  3800 m

feplmas

ili

illiill

iliil

 Date open

Sep. 23, 1982
Oct. 8,

Oct. 23

Nov. 7
Nov. 22
Dec. 7

Dec. 22, 1982
Jan. 6

Jan. 21

Feb. 5

Feb. 20

Mar. 7

Mar. 27
Apr. 12
Apr. 28

May 14
May 30
June 15
July 1

July 17

Aug. 2
Aug. 18
Sept. 3

Sept. 19

Oct. 14
Oct. 30

Nov. 15
Dec. 1

Dec.17 1983
      '
Jan. 2

Jan. 18
Feb. 3

Feb. 19

Mar. 6
Mar. 22
Apr. 7

Date closed

Oct. 8, 1982

Oct. 23

Nov. 7
Nov. 22
Dec. 7

Dec. 22
Jan. 6, 1983

Jan. 21

Feb. 5

Feb. 20

Mar. 7
Mar. 18

Apr. 12
Apr. 28

May 14
May 30
June 15
July 1

July 17

Aug. 2
Aug. 18
Sept. 3

Sept. 19
Oct. 5

Oct. 30

Nov. 15
Dec. 1

Dec. 17
Jan. 2, 1984

Jan. 18
Feb. 3

Feb. 19

Mar. 6
Mar. 22
Apr, 7

Apr. 23

(days)

 15
 15
  15
  15
  15
  15
  15
  15

  15
  15
  15
  11

li6ill

ilAili
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Table 1. (Continued)

   Deployment

PAPA IV
  3800 m

Journal of Marine Research

Sample #

 f37*
 #38
  f39
  ff40
  ff41

  f42
  f43
  f44
  S45
  f46
  f47
  f48

"No sample/data due to malfunction

 Date open

Apr. 23

May 13
May 27
June 10
June 24
July 8

July 22

Aug. 5
Aug. 9
Aug. 13
Aug. 17
Aug. 21

Date closed

May 13, 1984
May 27
June 10
June 24
July 8

July 22

Aug. 5
Aug. 9
Aug. 13
Aug. 17
Aug. 21
Aug. 24, 1984

[45, 2

Duration
 (days)

  14
  14
  14
  14
  14
  14
  14
   4
   4
   4
   4
   4

1985). Because samples were prepared for both silicoflagellate and radiolarian studies,

four different size fractions were examined, but most silicoflagellate and Actiniscus

specimens are located in the <63 pm fraction. Thus, most of the counting effort was

spent on the <63 pam fraction. One slide per size fraction ofeach sample was studied for

census. One to nine traverses ofvertical strips (along the minor axis ofa microslide) per

slide were studied for counts. Each strip represents 15.1 Å~ 106 ptm2 which is equal to

1/35.9 (or 2.786 Å~ 10-2) of an entire filtered area of the membrane filter on a slide.

Raw counts for a sample combining all of the four slides ranged from 74 to 1558 per

sample with a mean of 552. Possible major sources of errors in silicoflagellate counts

reported here include (i) sample splitting, (ii) imperfect distribution of filtered

silicoflagellates, and (iii) counting errors. The second category ofthe sources of errors

is determined to be the largest, based on statistical assessments performed on the

representative samples. The first and third categories caused less than 59o of the errors,

each. Overall reproducibility for silicoflagellate flux assessment reported here is

considered better than 859o.

  Diversity indices of silicoflagellate assemblages were computed using the following

Shannon and Weaver formula (Pielou, 1969),

                                   n                           H'--ZPi log Pi (1)
                                  i -- 1

where H' is the diveristy index in a "bel" or a "decimal digit" unit (Pielou, 1969), Pi is

the proportion of the ith species of the total population dealt with, and n is the number

ofspecies. The nine most abundant counting groups of silicoflagellates, whose seasonal

fluxes are illustrated in later sections, were used for the diversity index computations.

  The sinking speeds of individual silicoflagellate species were obtained by examining
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seasonal flux maxima and minima of 1OOO m and 3800 m data. In order to find the best

matching lag time between the two depth data sets, a crosscorrelation method was
applied (e.g., Davis, 1973). In this method, we first compute a correlation coefficient, r,

between data from the two depths without shifting any data (Lag O). This provides a
direct data comparison between the two depths. If sinking time between the two depths

is less than the sample resolution, a strong correlation coefficient is obtained. Second,

the 3800 m data are shifted by one sample to the preceding sample dates (to the left)

and a correlation coefficient r is computed (Lag 1). By shifting the 3800 m data further

left to earlier sample dates and computing the coeMcients, one can get a continuous

trend of crosscorrelation.

3. Results

  Seven silicoflagellate taxa, their several variants, and the Actiniscus pentasterias

group were encountered during the census (Plates 1 and 2; Appendix). More than one

species of Actiniscus were encountered; they were lumped together as a group.
Detailed taxonomic discussions with illustrations of the taxa used in the paper will be

published elsewhere.

  The counts were converted into flux and reported as the number of individuals
m-2d" (Appendix). Highly variable fluxes of silicoflagellate and Actiniscus taxa were

observed, both intra-annually and interannually, during the 1982-1984 period (Figs.

2-4). Distephanus speculum and Dictyocha mandrai are major contributors to the
flux of silicoflagellates throughout the period studied. The combined flux of the two

species is generally greater than 759o (X - 839o, u - 89o) of the total silicoflagellate

flux. During August, 1984, the combined flux decreased to about 6.79o of total
silicoflagellates.

  Essentially all silicoflagellates encountered during the census were not associated

with fecal pellets. The number of fecal pellets found in the samples was so small that

they rarely turned up during the census.

a. Seasonal flux variability in year 1 (September, I982-September, 1983). The
intensity ofthe flux of silicoflagellates varied significantly from species to species. For

example, a maximum flux ofDistephanus speculum (Plate 1, Figs. 1, 2; Plate 2, Fig. 4)

reached 543 Å~ 103 individuals m-2d-' in October, 1982, at 3,800 m while that of

Distephanus quinquangeUus was only 5 Å~ 103 individuals m-2d-' (Figs. 2a, 2b).

Seasonal flux patterns of silicoflagellate species can be assessed by comparing timing

and relative intensity of flux maxima and minima. All species show 3 to 5 major flux

maxima at 3,800 m during year 1. The 5 seasonal maxima are: October, December
(1982), March, May, and August (1983). A general similarity of the fiux patterns of

species within a genus is observed in Distephanus and Dictyocha, respectively. The flux

of Distephanus presents rather intensive maxima during October, March, and August.
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Mate 1. Light micrograpts ef silicofiaselletc species from Station PAPA. All scale bers equal 20 pan. The
 scale ef F;gurts 2, 13. and 14 sre the samc as that in Figure 1. Souroes of the rnicrographe are from
 maximum flux time periods at 3,8oo m illustrated in Ftgures 2-4. (1, 2) Distephanus specuium
 (Ehrenbetg), apicai view (1) and side view <2>. Radiat spinc length and ratios of apical/basal ring
 diamcterstcndtovarywhereastheshapesoftheapicalring(mostlyeireular)andthcbasalring<mestly
 equitateraI hexagon) tend te be uniform. (3) Distephanas guine"engetlus Bukry and Foster. (4)
 Dt'stephmmscrttx?(EhreEiberg).(S)INstephanusboliviemb(Frenguelli).(6)Distephamaoctangule-
 tus Wailes, regutar form with ene apical window. (7) Distephantts ectangulatus Wailes. A form with
 three apicsLl vrindows. Ferms with two er tnore apical windows were enurnerated separately from the
 resular form with an aplcal window. (8) Dictyecha mondrat Lins rtgular ferm. (9) Dietrecha ntandral
 L;ng.formwithvariableshapedaplcalreds.<1O)Dictyoehamessanensis?f.spinasa(Lemmerman).Size
 and orientation of supporting spincs vary oonsidcrably. (11) Dietyecha mandrai f. pentagt}na. (1 2-14)
 Actint'scuspentasteriassroup.(1S)AnerganicaggregatecontainingrnanyspecimensofD.specutunt.
 ComparethesizeofadiscretespecimcnofD.botiviensisinthcupperleftwiththatofD.speculum.
 SampteR2(18A"gust-3September,19S3),3,8oom.



Mste2.ScenninselectronmicrvgraphsofsilioofiagellatespeciesfromStatiomPAPA.Altscalebarsequal
  1O"m.AtIspecimenswereco11ectedfrom3,8oom.(1)DlctyoehainandraiLing,apica1vicw,Samplei23
  (3 Sept.--t9 Sept., 1983). Note wsvy ernamentation on skclcta1 surfaee which wEs not observed in low
  latitudesedimenttrapmaterial(Takahashi,t987a).AsmsllspecimenonupperrightisD.slreeulutnfor
  sizecomparison,(2)DietyoehamandraiLing,sideview,l25(14Oct.-30Oct.,19S3).Notethatapical
  spine is relatively short compared to D. messnirensis ? spinasa illustrated in the lew latitudc study. (3}
  Di'stephanusoctangutatasWsilcs,apicalview.I2{8Oct.-23Oct.1982>.Notewavysurfaeeernamenta-
  tien. (4) Distephanus spec"lum (Ehrenberg), oblique aplce1 vicw, l2S (l4 Oct.-•30 Oct., 1983). Nete
  srnallsizeandsmoethcircularshapeofapicalringwithoutanysp;nesandcompereitto(S).Overatlsize
  of this taxen is relatively small compered to D. mandral which is illustrated in (O. (5) Distephanus
  botivie,tsis(Frcnguetli),apicalview,l23(3Scpt.-t9Sept,1983).Notesesreralspinesprojectingfrom
  apicalring.Shapeofitsaplcalritrgisapoiygen.(6)Actintscuspentastetias(Ehrenberg),apicalview,l14
  (:2AptF28April,t983).



                                     APPENDIX
  Time-series fluxes (No. m-2d-') of silicofiagellate taxa and Actiniscus at 1000 m (for 6

  months) and at 3800 m (for 2 years) at the Subarctic Station PAPA during 1982-1984.

                                                                         Distephanus
 DeploymentlDepth Distephanus Distephanus Distephanus Distephanus octangulatus
    SampleNo. speculum quinquangellus boliviensis octangutatus (>lapicalwindow)

PAPA I 3800 m

        ffl 206710 508 3588 3115 O        f2 542606 5303 16590 19793 306        f3 287841 2188 13230 9721 840        f4 239182 2940 7718 10229 840        "5 200830 1479 10343 7070 44        f6 208040 2984 14980 12644 O        f7 182858 2100 19163 8068 840        f8 95025 420 8024 7560 420        "9 37319 O 3719 5775 394       "10 19163 175 3019 2888 44       fll 84oo O 1094 2888 O       f12 7186 O 858 3873 143PAPA II 1000 m

       f13 313943 779 5619 24364 O       f14 125430 123 2953 17924 123       "15 63166 O 6768 20549 246       f16 40729 O 5094 14421 1575       f17 23404 O 5636 7998 O       f18 13978 O 6276 11419 394       f19 30823 O 21503 8882 O       "20 61481 1316 10866 6oo3 439       f21 184412 1436 9352 4430 O       f22 180105 2994 7588 2625 O       f23 117800 779 6276 1313 O       f24 104798 1436 6891 1436 O
PAPA II 3800 m

       f13 276085 2994 7752 23544 779       f14 150409 2092 3897 13700 123       f15 108941 779 5742 12387 1313       f16 115257 656 3568 16735 O       f17 67555 656 5988 17924 656       f18 42034 O 4159 7949 788       f19 46168 517 4897 10951 911       f20 59357 O 7373 6757 3510       f21 172854 1878 12022 14778 3510       f22 303803 4387 20026 8143 877       f23 97210 369 15135 7957 123       f24 46590 246 1792 3633 439
PAPA III 3800 m

       f2S 41630 1162 3589 2892 164       "26 34413 O 2789 3281 492       f27 23626 164 1641 2338 O       "28 16243 164 2010 1805 O       f29 13659 O 1148 1189 O       f30 11218 O 1528 1641 O       -31 8244 164 1005 523 O       f32 9865 O 872 656 O       f33 6214 O 1548 338 O       "34 9249 174 882 1702 164       f35 16509 390 2789 1764 O       f36 12141 O 2953 1354 OPAPA IV 3800 m

       f37 No sample
       f38 23298 O 5438 1594 O       f39 31407 O 6000 844 O       f40 18657 O 3375 1125 O       "41 9141 47 1688 1219 188       f42 10500 188 1875 609 O       -43 1031 O 1734 656 O       f44 2625 O i969 164 O       f45 1969 O 3117 164 O       f46 656 O 2297 328 164       f47 1313 O 328 1477 O       f48 820 O 492 656 O



APPENDIX(Continued)

Dictyocha
mandrai

Dictyocha mandrai
  (with variable
   apical rods)

Dictyocha
mandrai f.

pentagona

 Dictyocha
messanensis ?

  splnosa

Distephanus
  crux ?

    Total
Silicoflagellates

 Actiniscus

pentastenas
  group

 10509
 94789
 75355
101159
178877
280403
233039
110408
 73413
 37231
 30844
 27172

 219
1855
 744
 770
2914
 551
1059
 840
 263
   o
   o
   o

   o
1899
 420
 420
 420
2275
l680
1260
 350
  88
   o
 203

 840
   o
 700
 1260
 2739
 1260
 8864
10920
 8094
4900

 5075
 6066

1059
5915
3404
2520
3404
3824
2144
1260
1094
 219
 525
 286

226967
689055
394486
367037
408293
S27380
459813
236136
130419
 67725
 48825
 45786

 37441
158708
 60813
 99759
 73491
 65958
 78978
 49228
 20125
 17588
 13169
 11643

34454
38884
27l12
44715
16636
15554
17046
47398
40525
31583
23134
21739

   o
   o
   o
   o
   o
   o
   o
3740
5414
1313
 779
 779

  o
  o
  o
  o
  o
  o
123
123
123
656
656
  o

23093
17678
13905
16242
15873
 9844
 6881
 8898
 7219
 1559
 3281
 3527

  o
  o
  o
  o
  o
 394
 439
1755
1313
1148

  o
  o

402252
203116
131746
122776
 69548
 57858
 85696
142019
254223
229571
154018
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Figure 2. Two year time-series fluxes of four species of Distephanus at 3800 m. The fluxes at

  1OOO m are only for six months.

The December maximum is the fourth highest maximum in all Distephanus species,
with the exception of Distephanus boliviensis (Fig. 2c; Plate 1, Fig. 5; Plate 2, Fig. 5)

which shows a second highest maximum in December. A flux maximum in
Distephanus octangulatus (Fig. 2d; Plate 1, Figs. 6, 7; Plate 2, Fig. 3) is observed in

May, but is not as well defined in other species ofthe genus. Overall, the seasonal flux

patterns observed in four species of Distephanus are similar enough (with a possible

exception of D. octangulatus; see later discussion of cluster analysis) relative to

patterns observed for Dictyocha as well as for diatoms, and thus the fluxes of the 4

species can be grouped together.

  Dictyocha mandrai (Fig. 3a; Plate 1, Fig. 8; Plate 2, Figs. 1, 2) is numerically a

dominant species in the genus (Fig. 3). It shows a well-defined maximum in December

but the intensities of the other maxima in year 1 are relatively low. Two variants of D.

mandrai, a form with variable-shaped apical rods (Fig. 3c) and a form with a
pentagonal basal ring (D. mandrai pentagona), show high fiux values in August.
Besides the August peak, D. mandrai pentagona shows high flux maxima during
October and December. Dictyocha messanensis ? spinosa (Fig. 3b) shows an intense

maximum in May which is rather unique compared with other silicoflagellate species

observed in year 1 except for D. octangulatus.
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  The seasonal flux pattern of Distephanus crux ? (Fig. 3d) resembles that of the

Actiniscus pentasterias group (Fig. 4a). The flux patterns of the two ta'xa are more

similar to those of diatoms (Takahashi, 1986) than to the above mentioned silicoflagel-

late species. The pattern of Distephanus crux ? has some affinity with that of the

remainder ofthe Distephanus taxa (see cluster analysis section). This is ofinterest and

casts doubt about the artificia! classification of this taxon as Distephanus because of

the presence ofan apical window, a requirement ofthe genus. The doubt is based on the

similarity of basal ring shape (including variability; from Dictyocha mandrai type to

Dictyocha messanensis type) and size in the studied assemblages; thus one would
expect the seasonal flux pattern to be more similar to that of Dictyocha. Actiniscus
shows seasonal fiuxes of up to 160 Å~ 103 individuals m-2d-i, which is two orders of

magnitude higher than that of Distephanus crux ?. The flux of Actiniscus is
numerically comparable to that of Dictyocha mandrai.

b. Seasonalflux in year 2 (September, 1983-August, 1984) and its comparison to the

year I record. The relatively high flux values observed at the beginning of year 2 is part

of the August maximum in year 1 which tails off in September/October in year 2.

Most silicoflagellate taxa show only one flux maximum in year 2 which occurred in
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  data are taken from Honjo (1984).

May (Figs. 2-3). The May peak in year 2 is smaller, by approximately a factor of 10,

than the major peaks in year 1. A similar trend in decrease of flux peak intensity from

year 1 to year 2 is observed in Actiniscus (Fig. 4a), opal and mass (Fig. 4c), and

diatoms (Takahashi, 1987b).

c. Verticalfluxes at 1000 m and 3800 m trap depths. Species flux observed at the two

different trap depths are graphically compared (Figs. 2, 3, 4a). During March through
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September, 1983, where two-depth trap data are available, two prominent flux
maxima occurred which can be compared with each other. March fiux maxima at
3800 m and March flux values at 1000 m of many species tend to show similar levels,

especially in Distephanus. Exact comparisons of the March maxima between the two
depths in terms of lag time is difficult due to lack of the 1000 m data prior to sample

No. 13. Comparisons of flux maxima during August, however, are possible. Zero

sample lag for August maximum was recognized for D. quinquangellus and D.
mandrai variable form, and one sample lag for D. speculum, D. mandrai, D.
messanensis ? spinosa and D. crux ?, and three sample lags for D. boliviensis and D.

octangulatus. It is noteworthy that many species with lags O and 1 are relatively small

in size (e.g., D. speculum: basal diameter -= 18.5 um, S.D - 2.3 ptm, IV - 100) and that

two species with lag 3 are selectively large (e.g., D. boliviensis: basal diameter -=

24.6 ptm, S.D. - 3.4 ptm, 7V =- 4).

4. Discussion

  The seasonal fluxes observed for each of the 5 species of Distephanus (Figs. 2a-d,

3d) represent unique patterns by themselves. Although details of the patterns are

different from one another, the overall configurations are similar so they can be

generalized as a group. In the case of year 1, they generally show a pronounced

October maximum followed by March and August maxima and an additional
December maximum. This type of seasonal flux pattern of Distephanus does not
exactly conform to patterns shown by other silicoflagellate and diatom species. The

closest seasonal flux pattern to that of Distephanus is Type 1 of diatoms (Takahashi,

1986). However, in detail most species of Distephanus show strong March peaks and

generally insignificant flux maxima in May, while the diatoms in Type 1 show
insignificant or small March peaks and well-defined May peaks. The relative intensity

of October and August peaks in relation to the remaining peaks within a species is

similar in both Distephanus and the diatom species. Although the intensity is generally

not so high, the December peak of Distephanus is unique in its occurrence in the early

wlnter season.

  There is a definite correlation between the increases of Distephanus (and many
diatom species) fluxes and the short term decrease of silicate concentrations in surface

waters (Reynolds and Thunell, 1985), suggesting that these organisms are productivity

indicators. Both ofthese processes take place within a time scale of 2 weeks or less. The

uptake of silicates by these indicators (especially diatoms, a major phytoplankton

component) effectively decreases the ambient silicate concentration temporarily until

the bloom is completed. It is possible that this bloom is succeeded by nonsiliceous

phytoplankton blooms which would explain why nitrate concentration in surface
waters does not follow the same trend (Reynolds and Thunell, 1985). Correlation
between Distephanus (in conjunction with diatoms) blooms and silicate concentrations

are observed for time intervals corresponding to the March, May, and August maxima
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of the fluxes. An exception is the September-October period when the silicate
concentration keeps increasing with time as a result of convective mixing caused by

atmospheric cooling.

  That 549o of D. mandrai annual flux in year 1 occurred during a 3-month period,

from October to January, is an important fact, especially for paleo-oceanographic
implications. If specimens of D. mandrai from different seasons are equally preserved,

fossil records represent mostly fall/winter signals and few signals from other seasons.

The specimens that are supplied to the sea floor in high flux seasons may actually be

preserved better than those supplied in low flux seasons due to rapid burial with

accompanying iarge amounts of biogenic opal. The unique timing of this pronounced

maximum is considered to be a response to given environmental conditions. Although

slightly earlier than that of D. mandrai, a similarly offsetting flux maximum from the

October opal flux maximum is shown by the diatom species, Coscinodiscus margina-

tus (Takahashi, 1986). From fall through early winter, the water temperature in the

euphotic layer (maximum is in September) decreases gradually through March or
April, depending on depth. During that time, little salinity change is observed; incident

solar radiation decreases until December (Fig. 5). Nutrient levels are continuously

increasing from August minima to winter maxima (Anderson et al., 1977; Wong and

Honjo, 1984). The flux maximum observed in December at 3800 m results from late
November production in the euphotic zone (see a later section on sinking speeds). The

late November production of D. mandrai corresponds with (1) relative high levels of

available nutrients, (2) relatively low but adequate levels ofincident solar radiation for
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this species, and (3) intermediate levels of water temperature (-8.50C at the surface)

(Fig. 5), and is perhaps related to biological competition.

  The fact that there is no December or August flux maximum in year 2 for any
silicoflagellate species leads to questions on the range of year to year variability. The

records from year 2 appear to deviate from the other 3 years, as suggested by
unpublished mass fiux data for years 3 and 4 which show that the flux maxima at

3800 m occurred about October/November, March/May, and August/September
(Honjo, pers. comm., 1986). The causes of the large year 1 to year 2 flux variability

observed have not yet been determined; this will require long-term time-series flux

studies as well as detailed analyses of environmental parameters. The possible effects

ofthe 1982-1983 large El Nifio event in the Pacific low to middle latitudes should not

be overlooked (Takahashi, 1987b).

  The silicoflagellate flux maxima often occurs slightly later than that of diatoms,

about 2 weeks, as shown by the November/December and August peaks of year 1 and
the May peak of year 2. This suggests that diatoms respond more quickly to favorable

environmental conditions than silicoflagellates do. Biological competition may be an

important factor in offsetting the flux maxima. Alternatively, a difference in the

doubling times of cell populations of diatoms and silicoflagellates may be responsible

for the offset in the fluxes. However, in the light of the wide range of diatoms sizes (i.e.,

3 orders of magnitude), and in their morphology and physiology, the alternative is an

unlikely explanation.

a. Species afiinity among silicoflagellate taxa. Seasonal flux patterns and flux values

(individuals m-2day-i) are 2 major signals in the time-series flux record. Of these, the

seasonal flux pattern can be used to clarify taxanomic aflinities among silicoflagellate

species. Cluster analysis (e.g., Davis, 1973) is a useful technique for this definition. To

maximize comparison of the patterns and to estimate the effect of flux values,
correlation coefficients were used (rather than using Euclidian distance) for construct-

ing a dendrogram (Fig. 6). Most of the obvious similarities and differences in the

patterns can be readily extracted without using a cluster technique. However, some

subtle differences and similarities which cannot be detected by visual observation can

be numerically expressed by this technique.

  D. speculum and D. quinquangellus are the most closely clustered groups among the

species studied. The major morphological differences is the shape of the basal ring,

whether hexagonal or pentagonal. Some authors attribute these two forms to two
varieties of a single species (e.g., Ciesielski, 1975), while others regard them as two

distinct species (e.g., Bukry, 1973). As the pentagonal (or very rarely, heptagonal)

form is usually rare, it is often lumped together with the dominant hexagonal form. As

the seasonal flux patterns for both forms are very similar, they suggest that two taxa

could actually represent a single species. However, until conclusive evidence based on

further biological information becomes available, it is probably wise to separate these
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Figure 6. Dendrogram of Silicofiagellates and Actiniscus seasonal flux patterns constructed by

 the averaging method, using arithmetic averaging of correlation coeMcients.

two forms because lumping of split counts can be easily done while the reverse is

usually not possible.

  It is noteworthy that the seasonal pattern of Distephanus octangulatus shows a

relatively close afl}nity with that of Dictyocha messanensis ? spinosa (r - O.70)

despite different generic assignment, in addition to those of Distephanus speculum

(r - O.73) and Distephanus quinquangellus (r - O.70). Although D. octangulatus is
placed in the genus Distephanus, its morphology and size are vastly different from all

other species in the genus. The skeletal surface ornamentation observed on D.
octangulatus also occurs in species assigned to the genus Dictyocha, but not in species

in Distephanus except for the former (Plate 2). This implies that the generic
assignment of D. octangulatus should be reconsidered.

  The unique high August maximum presented by the variety of D. mandrai with
variably shaped apical rods (Fig. 3c) caused the extreme position of this counting

group in the dendrogram (Fig. 6). I consider this form as part of D mandrai and not as

an independent subspecies. The variably shaped skeletons occur throughout the year,

but are more common during the 1983 summer season when other fiuxes such as total

mass and diatoms are also significantly high. The August maximum of this form of

D. mandrai may result from high nutrient concentrations and high temperatures. Such

variable morphology in the skeletons of D. mandrai has been observed in coastal waters

of the Gulf of San Matias (Frenguelli, 1935) and in Lake Hiruga, Japan, where
salinity varies seasonally from 13 to 270/oo in surface waters (Shitanaka, 1983).

Nutrient levels in these coastal environments are apparently higher than those in
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Table 2, Correlation coefiicient r between silicoflagellate
  carbon fluxes at 3800 m for two year record.

          Taxon

Distephanus speculum
Distephanus quinquangellus
Distephanus boliviensis

Distephanus octangulatus
Distephanus octangulatus
  (>1 apical window)
Distephanus crux 2
Dictyocha mandrai
Dictyocha mandrai
  (variable apical rods)

Dictyocha messanensis 2 spinosa
Total Silicofiagellates

Actiniscus pentasterias group

Mass

O.62
O.56
O.66
O.68

O.77

O.64
O.38

O.76

O.55

O.63

O.90

taxa and mass,

Opal

O.66
O.55

O.63
O.66
O.78

O.70
O.40
O.70

O.48

O.66
O.92

opal, and organlc

Organic
carbon

 O.44
 O.51
 O.61
 O.33
 O.51

O.35

O.14
O.73

O,32
O.41

O,57

pelagic realms and may be responsible for the variable shapes of the skeletons.

salinity change is very small at Station PAPA (Fig. 5b).
The

b. Relations with otherfluxes andfactors. Seasonal flux patterns of silicoflagellates

are similar in general but different in detail from those of diatoms (Takahashi, 1986).

For example, the March flux maximum of silicoflagellates is as high as that of August,

whereas diatom'flux shows a rather low maximum in March relative to a high August

maximum. This greatly contributes to the level of correlation coeMcients between
silicoflagellate species and total mass, opal, or organic carbon fluxes (Table 2). All

coefficients for total mass and opal are significant at the 999o level and thus

silicoflagellates are considered to co-occur with other productivity components.

However, the coeMcients are not as good as those between diatoms and total mass or

opal fluxes (Takahashi, 1986) which are not totally independent of one another. Since

silicoflagellates contribute an insignificant amount compared to opal flux (<O.49o
using O.34 ng shell" of Takahashi, 1987a), the coefficient reflects a relationship

between two independent variables. The relatively poor coefficient of correlation with

organic carbon reflects the labile nature of organic carbon which is largely recycled in

the upper parts of the water column.

  In order to understand factors controlling fluxes of silicoflagellate species it is

necessary to reduce a large number of flux patterns into small groups so that we can

correlate the patterns with environmental parameters. Results of R-mode factor
analysis (Table 3) show in factor 1 high scores of D. speculum and D. quinquangellus

and intermediate scores for D. boliviensis, D. octangulatus and D. crux ?. Factor 1 is

interpreted as the productivity factor since fluxes of these species show relatively high
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Table 3. Matrix ofvarimax rotated factor score.

          Taxon

Distephanus speculum
Distephanus quinquangetlus
Distephanus boliviensis

Distephanus octangulatus
Distephanus crux 2

Dictyocha mandrai
Dictyocha mandrai
  (variable apical rods)

Dictyocha mandrai pentagona
Dictyocha messanensis ? spinosa

Variance

1

O.877
O.856
O.486
O.567
O.578
O.257
O.182

 O.388
- O.061

 2.969

Factors

 2
O.195
O.153
O.191
O.761
O.096
O.204
O.159

O.158
O.962

2.282

  3

O.157
O.205
O.300
O.087
O.187
O.079
O.958

O.120
O.150

1.168

 4
O.216
O.230
O.410
O.176
O.461

O.890
O.081

O.354
O.092

1.473

correlation with total mass, opal fluxes (Table 2) as well as productivity indicator

diatom species. Factor 2 is related to high light intensity and D. messanensis ? spinosa

and D. octangulatus show high scores. Factors 3 and 4 whose high scores are
represented by D. mandrai variable form and D. mandrai, respectively, show seasonal

relationships with summer and fall/winter respectively in year 1 but not in year 2.

Acquisition of longer term flux records than two years will be required to clarify these

trends.

c. Sinking processes. The time necessary for silicoflagellates in aggregates to sink

through the water column from 1OOO m to 3800 m is approximately equal to, or shorter

than, the sample time interval of 16 days as shown by cross-correlation analysis (Figs.

2-3; Table 4). Cross-correlation seeks the best match of flux maxima and minima

Table 4. Correlation coefficient r between 1000 m and 3800 m data sets for silicoflagellate taxa

  and Actiniscus using the cross-correlation method. Results of sample lag O, 1, and 2 are listed.

  The highest r values .in the cross-correlation are underlined. Note that the value for total
  silicofiagellates at lag O is the highest. This is due to the effect of amplifying signals and to

  cancelling noises in silicoflagellate species flux.

                                                  Sample lag

               Taxon O 1 2
    Distephanusspeculum O.84 O.50 -O.05
    Distephanusquinquangellus O.60 O.32 O.12
    Distephanusoctangulatus O.69 O.74 O.73
    Distephanuscrux? O.68 O.71 O.32    Dictyochamandrai O.57 O.34 -O.41
    Dictyochamessanensis?spinosa O.61 O.42 O.36
    TotalSilicoflagellates O.85 O.45 -O.09
    Actiniscuspentasteriasgroup O.46 O.69 O.36
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between the two depths and determines appropriate time lags. The examined silicofla-

gellate species showed that time lag O and lag 1 led the above sinking time. This
corresponds to 175 m day-' or greater sinking speed, and implies accelerated sinking

relative to single particle sinking of 1.4 m day-i of silicofiagellates (Takahashi,

1987a). The three most abundant species, D. speculum, D. mandrai, and D. messanen-

sis ? spinosa, show the highest correlation coeMcient between 1000 m and 3800 m
depths with O sample lag (Table 4), suggesting much faster sinking speeds than 175 m

day". This may be a realistic approximation, because of their smaller size range,

silicoflagellates are grazed more efficiently by herbivores than diatoms are. Within

silicofiagellate taxa, as noted in the Results section, relatively small sized species tend

to sink faster than those of larger size, suggesting a possibility of differential grazing by

herbivores. The herbivores are probably excreting readily disintegrated fecal matter

(but not pellets) that sinks faster than marine snow. Silicoflagellate transport via

biogenic aggregates (Plate 1, Fig. 15) was also documented in the equatorial Atlantic

and Pacific (Takahashi, 1987a), which supports the above observation. Perhaps both

transport mechanisms via fecal matter and marine snow are responsible for the fluxes

observed.

  Although it was hypothesized earlier that two copepod species of Neocalanus were

primary grazers in the subarctic Pacific, the hypothesis has not been vigorously tested

yet (Frost et aL, 1983). In light ofsuch unsettled grazers and the present observation of

insignificant numbers of fecal peNets in the flux, we must consider other grazing

candidates such as salps more critically than before.

  We note that the Actiniscus pentasterias group, dinoflagellates, shows a maximum
coeMcient at lag 1 which is sufficiently different from the coefficient at lag O while two

species of silicoflagellates with maximum coefficient at lag 1 show similar coefficients

at lag O. The A. pentasterias group's sinking mechanism is more like that of diatoms

rather than that of silicoflagellates based on results of cross correlations.

  Similar values of flux assemblages at 1000 m and 3800 m at sample lag O or lag 1

indicate that the effect of dissolution of sinking silicoflagellates is insignificant. The

abundance patterns of the assemblage (in percent) at 1000 m are also repeated at
3800 m with a slight time offset (Fig. 7). If significant uniform dissolution and/or

species preferential dissolution occurred, the flux values and percentages of soluble and

resistant taxa would be different at 3800 m and at 1000 m. That no significant
differences are observed suggests that sinking silicoflagellates are unaffected by
dissolution.

d. Use ofpercent signals. Despite considerable change in flux values from year 1 to
year 2, the patterns of relative abundance of silicoflagellate species in the flux did not

change very much (Fig. 8a). The detailed values ofthe percentages differ in the 2-year

record, but the overall patterns are similar so that the percent signals may be used for a

variety of applications, including comparisons with percentages preserved in fossils.
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vary by orders of magnitude with time whereas percentages vary within a factor of ten
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of D speculum flux is evident (r -= -O64) These values are significantly high
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  Figure 7. (b) Fluxes of Distephanus speculum for two years at 3800 m. (c) Plot of
  silicoflagellate diversity index at 3800 m vs. time. Note that index values are antirelated with

  both fluxes and 9o D. speculum.

considering that critical values at 959o and 999o levels with 45 degrees of freedom are

O.288 and O.372, respectively (Rohlf and Sokal, 1969). The fiux of D. speculum in a

given interval of time can be predicted once we have a percent value.

                        Iogio Fds =- O.0318 PD,+2.99 (2)
where FD, and PD, are flux and proportion of D. speculum, respectively.
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e. Diversity index. Diversity indices computed using the Shannon and Weaver
formula show antirelations with 9o D. speculum (r - -O.67) and with D. speculum
fluxes (r -= - O.72). The data suggest that low index values are related to high fluxes of

D. speculum (and total silicoflagellates) and high 9o D. speculum. The high index
values are related to low fluxes of D. speculum and low 9o D. speculum. Moreover, the

index values and 9o D. mandrai tend to be parallel (Figs. 8a, c) with a correlation

coeMcent of O.46.

f, Actiniscus as a productivity indicator. The flux of the Actiniscus pentasterias

group is well correlated with the total mass flux (Table 2) and thus can be used to
predict it.

                        Fmass=O•O0203 FAp+14•9 (3)
where F.,,, and FAp are fluxes of total mass and the Actiniscus pentasterias group,

respectively. The total mass flux predicted using the Actiniscus pentasterias group fiux

data with the above regression equation, conforms with the observed total mass flux

(Fig. 9). The application of this group in paleoproductivity assessment depends on

future studies on downcore preserved samples. Actiniscus is frequently well preserved,

often better than silicofiagellates, in many parts of the world (e.g., Dumitrica, 1973;

Perch-Nielsen, 1975; Orr and Conley, 1976; Takahashi, unpublished) and deserves

attentlon.

g. Relationship with fossil records in surface sediments. A few percent or less of
silicoflagellates that arrive at the sea floor are preserved in the surface sediments ofthe

study area. To compute the percent of skeletons preserved, the following values were

used: 105 skeletons per gram-i of dry sediment (Poelchau, I976), dry density of
O.8 g cm-3, sedimentation rate of 1 cm 103 yr-' (see Takahashi, 1986, for details). Use

of these values yields 8 Å~ 10` skeletons cm-2 103 yr-' that have accumulated in the

surface sediments. A mean flux for the 2 year period yields 143,261 skeletons m-2
day-' which is equivalent to 5.23 Å~ 106 skeletons cm-2 103 yr-i. This means that 1.59o

of the silicoflagellates in the fiux are preserved. Since Poelchau's (1976) values are

actually slightly less than 105 skeletons g-' of sediment, approximately 19o of

silicoflagellates are preserved. This value is similar to the percentage of diatoms (29o)

preserved in the sediments in the same area (Takahashi, 1986). Silicoflagellate
dissolution (-- 999o in this case) mostly occurs at the sediment/water interface or in the

sediments as shown elsewhere (Takahashi, 1987a); this is also true for other siliceous

microfossils (Takahashi, 1983, 1986).

  A large discrepancy is observed between species proportion in the flux and in surface

sediments (Table 5). This discrepancy may be superficial resulting from different

methods used for analysis. In particular, Poelchau's (1976) concentration technique

involving settling and decantation may have biased the proportions between species.

More likely, however, it refiects the preferential dissolution of susceptible taxa. For
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  1982-1984. The predicted values were computed using the Actiniscus pentasterias group
 fluxes and a linear regression equation for total mass and A. pentasterias group fluxes.

instance, the sum of D speculum and its variants is about 509o in the flux and only 109o

occurs in the sediments. Distephanus speculum (and D. quinquangelttzs) is one of
silicoflagellate taxa ofthe study area with the smallest and thinnest skeleton. Thus it is

likely to be preferentially dissolved relative to other taxa with more robust skeletons.

There is a good correlation between the dissolution index (Johnson, 1974) and the

thickness of opal skeletons (Takahashi and Hurd, unpublished). Dictyocha mandrai,

D. messanensis ? spinosa and Distephanus octangulatus are larger and more robust

than D. speculum and thus are relatively better preserved. In the case of such
preferential dissolution/preservation, for example, 99.89o of D. speculum and 98.59o of

D. mandrai fiux to the sea floor would have to be dissolved to acquire the values in the

sediment. Alternatively, components of present-day production may be different from

that in the surface sediments which represent the past several hundred years or more,

causing such a high percent of D. mandrai (609o). Detailed down core studies in the

future are needed to evaluate all ofthese three possible explanations.

5. Summary and conclusions

  The high resolution time-series flux study of silicoflagellates showed considerable

intra-annual and interannual flux variabilities within the studied 2-year period at
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Table 5. Comparison of relative abundances in flux and surface sediment assemblages in the
  study area. The percentages in flux are listed taking mean values of the two year record. The

  surface sediment data are taken from Poelchau (1976).

              Taxon 9oinFlux 9oinsurfacesediments

   Distephanus speculum 47 10   Distephanus boliviensis 6 -   Distephanus octangulatus 5 15
   Distephanus crux? 1 -     Total Distephanus 59 25
   Dictyocha mandrai 37 60   D.mandrai(variableapicalrods) l -
   Dictyocha messanensis?spinosa 3 15
     Total Dictyocha 41 75
pelagic Station PAPA in the northeastern North Pacific. Seasonal flux patterns tend to

differ between morphologically distant species groups while the patterns are similar

within a morphologically confined group.

  Silicoflagellate flux is generally numerically dominated by two major taxa, Diste-

phanus speculum and Dictyocha mandrai, which contribute on the average 839o
(6.79o < a < 10.19o at 959o confidence limits) of the total sinking assemblages. D.

speculum is considered to be a productivity indicator based on its affinity of the

seasonal flux pattern to the total mass, opal, and diatom flux patterns. Seasonal

patterns show by Distephanus speculum and its two other closely related species are
similar to the seasonal pattern of diatom flux Type 1, which is a productivity indicator.

D. mandrai carries its unique late fall/early winter signals. More than half of the

cummulative annual flux of this species occurred in a three month period- (October,

l982-January, 1983), implying a significance to the fossil record.

  The silicoflagellate seasonal flux patterns are generally similar enough to those of

total mass, opal, and diatoms so that an assessment of surface water opal or total mass

productivity using silicoflagellates is possible. Moreover, the silicoflagellate flux is

nearly an independent measure from opal due to its insignificant mass contribution to

opal. Although general patterns are similar; as mentioned above, details of silicoflagel-

late seasonal flux deviate from opal, whose main contributor is diatoms, providing

unique signals. Some of the silicoflagellate flux maxima tend to be temporally offset

from diatoms by one sample interval, indicating a different response to environmental

changes from that of diatoms.

  The level of fiux changes significantly from year 1 to year 2. Despite such annual

flux variations in the 2-year record, the annual patterns ofspecies percents are similar

for the two years, suggesting a possible use of percent data for productivity

assessment.
  Sinking speeds of silicoflagellates are determined to be approximately 175 m day-'

or greater based on cross-correlation analysis ofthe synchronized 1OOO m and 3800 m
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samples. Generally, silicoflagellates sink faster than diatoms. Both fecal material and

marine snow are likely mechanisms for the observed accelerated sinking speeds. No
significant dissolution of silicofiagellate skeletons occurs in the water column due to

protection and accelerated sinking via aggregates. Therefore, species composition and

absolute flux of each species in the sinking assemblages at 1000 m and 3800 m are

similar, with or without the slight temporal offset.

  Approximately 19o ofsilicoflagellates supplied to the sea floor are preserved and the

bulk of the supplied skeletons are dissolved in the sediments. The preferential
dissolution of D. speculum, a solution susceptible taxon, relative to D. mandrai, a

solution resistant taxon, is a probable reason for the preserved species percentages in

the surface sediments of the study area.
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