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BACKGROUND _

A sediment core was retrieved from Chief Lake with a modified K-B corer (internal
diameter ~7.62 cm) on January 28, 2003 by Bruce Carmichael and colleagues. A 46.5-cm core
was rettieved from a depth of 5.8 meters. Samples were sectioned into 0.5 cm intervals and
shipped to Queen's University on January 29, 2003, where they were stored in our coldroom at 4
°C. All the samples were weighed to determine the total wet weight of sediment prior to
subsampling for 2'°Pb analyses. Twenty intervals were subsampled for diatoms every two cm
from 0.5 to 38.5 cm. Nineteen intervals, spaced at 1-cm intervals for the top 6 cm, then 2 cm to
12 cm, and then 4 cm to the bottom of the core, were prepared for *°Pb analysis (see below) and
then counted on the gamma counter facilities at PEARL, Queen’s University.

METHODS
210-Pb Dating and Percent Organic Matter

The wet weight of the sediment was determined for all the subsectlons of the core that
were shipped to Queen’s. Nineteen samples were dried in the freeze drier at PEARL (24 hr.
cycle). Dry weight of the sediment and percent water was determined. Dry sediment was then
precisely weighed into a plastic tube for gamma spectroscopy. These samples were then sealed
with epoxy and allowed to sit for three weeks in order for **Bi to equalize for determination of
supported *'°Pb used in estimating core chronology. Activities of *'*Pb, *’Cs and supported *'°Pb

(via 2"*Bi) were determined for each sample. These spectra were then used to estimate the
chronology of the core.

The activities (in disintegrations per minute/gram) of 2°Pb, ¥Cs and 2*Bi were
determined using the procedures outlined in Schelske et al. (1994). These values were converted
into picoCuries/gram for use in the Binford program (see below). Unsupported *'*Pb was
calculated by subtracting supported 2!°Pb (as determined by the average ***Bi counts from all
samples within each of the cores) from the total 2!°Pb activity at each level. The sediment
chronology and sedimentation rates were calculated using the constant rate of supply (CRS)
model (Appleby and Oldfield, 1978) from the estimates of '°Pb activities and estimates of
cumulative dry mass (Binford, 1990). See Appendix B for a summary of *'*Pb calculations (B-1),
and the dating output file from the CRS model (B-2).

* Percent organic matter was determined for all nineteen of the samples that were *'°Pb
dated (Appendix A) using standard loss-on-ignition methods (Dean, 1974). A known quantity of
dried sediment (recorded to four decimal places) was heated to 550°C for 2 hours. The difference
between the dry weight of the sediment and the weight of sediment remaining after ignition was
used to estimate the percent of organic matter in each sediment sample.

Diatom Preparation and Enumeration

Slides for diatom analysis were prepared using standard techniques (Cumming et al.
1995). Briefly, a small amount of wet sediment was suspended in a 50:50 (molar) mixture of
sulfuric and nitric acid in a 20-ml glass vial for 24 hr. prior to being submersed at 70°C in a hot
water bath for 5 hr. The remaining sediment material was settled for a period of 24 hr, at which
time the acid above the sample was removed. The sample was rinsed with distilled water and
allowed to settle once again for 24 hrs. The procedure was repeated approximately 10 times until
the sample was acid free (litmus test). The samples were settled onto coverslips in a series of
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- four 100% dilutions, which when dry, were mounted onto glass slides using a high-resolution
mounting media called Naphrax®. For each sample, at least 400 diatom valves were enumerated
with a Leica DMRB microscope equipped with DIC optics at 1000X magnification (numerical
aperature of objective = 1.3). These analyses were based on the references of Krammer and
Lange-Bertalot (1986, 1988, 1991a,b), Patrick and Reimer (1966 1975) and Cumming et al.
(1995).

Diatom-based Reconstructions of Total Phosphorus
Inferences of total phosphorus from the diatom assemblages in the core are based ona

phosphorus model developed from 111 freshwater lakes from the 219 lakes sampled by Wilson et
al. (1996). This model is based on estimates of the optima of taxa from weighted-averaging
regression on non-transformed relative percentage data. The coefficient of determination (r%) of
this model is 0.66, and the jackknifed r*is 0.47. This model is superior to the earlier models
developed by Reavie et al. (1995) for several reasons including its better predictive ability and the
larger number of samples which provide more analogs for downcore reconstructions.

The total phosphorus inferences (Fig. 1E) were critically assessed to determine: 1) if they
tracked the main direction of variation in the diatom species assemblages (Fig. 1D); and 2) to
assess if the assemblages encountered in the core are well represented in the modern-day samples
(Fig. 1F). If the diatom-based phosphorus reconstructions match the main direction of variation
in the diatom assemblages in the core, then we can be fairly confident that the diatoms are
tracking changes that are related to phosphorus. If the correlation between the main direction of
variation and the diatom-inferred phosphorus values is weak or nonexistent, then other
environmental variables (e.g. water depth, conductivity, turbulence, etc), or interactions between
environmental variables, are likely responsible for the observed changes in diatom assemblages.

Determination of the Main Direction of Variation

The main direction of variation in the diatom assemblages in the core was detenmned from
the first axis scores from a principal components analysis (PCA) ordination using non-transformed
species abundance data (Fig. 1D). A PCA was chosen to represent the main direction of variation
of the diatom assemblages in these cores based on the small gradient length (< 1.5 standard
deviation units) obtained in an initial detrended correspondence analysis (DCA) ordination.

Analog Analysxs of Diatom Assemblages

The reliability of the total phosphorus inferences in the core assumes that the diatom
assemblage encountered downcore are well represented in our modern diatom assemblages. To
determine if appropriate analogs existed for the core samples, we determined which samples in
our present-day dataset of 111 lakes most resembled each of the downcore samples. This
determination was based on a squared chord dissimilarity coefficient between all species found in
each of the core samples. The best match between downcore and modern samples was compared
with the distribution of best match between modern samples. Any downcore samples that were
more dissimilar than 80% of the modern distribution were deemed to be a 'poor analog'.
Similarly, any downcore samples that were more dissimilar than 95% of the modern distribution
were deemed to have 'no analog' in our present-day dataset. If the downcore assemblages have
good representation in modern samples, more confidence can be placed in the reconstruction. If
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modern analogs do not exist or are poor, then caution must be placed in reconstructions from
these downcore samples.

RESULTS AND DISCUSSION

'%Pb Profile, Sedimentation Rates and Organic Matter .

The *'°Pb activity of the Chief Lake core was low and did not show an exponential decay
with core depth (Fig. 1A), suggesting either variations in sediment deposition and/or mixing of the
core had occurred. The former may be related to changes in nutrient loading and/or changes due
to disturbances in the Chief Lake watershed. The "'Cs profile suggests that cesium has been
mobile within the sediments, which is common in organic sediments (Fig. 2). Although there is
not a distinct peak in the *’Cs profile, the rise at around 25 cm does indicate that the sediment
deposits before this point are older than 1963. In more inorganic sediment, a distinct peak in
1¥7Cs activity occurs and can serve as an independent marker for 1963, since this is when
atmospheric testing of nuclear weapons peaked.

Results from the CRS model suggest that sedimentation rates increased in the late 1990s
(1997-1998 *'°Pb estimated dates), as well as in the most recent sediments (Fig. 1B). However,
because sedimentation rates can vary across a lake basin caution must be placed on interpreting
sedimentation rates from one core in the basin. Analysis of organic matter (OM) from the core
indicates relatively high organic sediments (35-46% OM), with gradual increases since 1600 AD
from the low of 35% to 45-46% since approximately 1970 (Fig. 1C). Increases in organic matter
can be attributed to several factors including increased in-lake production of organic matter,
increased inwash of organic matter, or decreases in the load of inorganic matter to the lake. It is
hard to determine which of these factors may be of the greatest influence given there is little
change in the diatom flora since the start of this record (see below).

Diatom Assemblage Changes and Analyses

One hundred and four diatom taxa were documented in the core from Chief Lake. The
majority of these taxa were rare (< 1-3% maximum abundance, Appendix C). The dominant taxa
throughout the last 300 to 400 years were small benthic Fragilaria (F. pinnata, F. construens, F.
brevistriata) and the eutrophic planktonic Aulacoseira ambigua.

Cluster analysis suggested three periods of diatom assemblages in the past 300 to 400
years, however, the total sum of squares was extremely low, suggesting that there has been little
change in the assemblage over this time period (Fig. 3), so these zones are not presented. The
flora has been dominated by the benthic Fragilaria pinnata throughout this period, with
subdominants of Aulacoseira ambigua and Fragilaria construens. Minor changes in the diatom
assemblage include a small increase in Asterionella formosa (meso-eutrophic planktonic) starting
around 18 cm (approximate date of 1965), similarly small increases in the eutrophic planktonic
Stephanodiscus niagara starting around 22 cm (approximate date of 1948) and small increases in
Tabellaria species at about the same time.

Diatom-inferred total phosphorus (TP) estimates indicate small fluctuations in TP between
10 pgL' to 11 pgL™” (Fig. 1E). The correlation between the main direction of variation in taxa
(i.e. PCA axis 1 scores) (Fig. 1D) and the log TP inferences is very low (r = 0.23) indicating that
the minor changes seen in the diatom assemblages are not consistent with changes in inferred TP.
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Analog analysis suggests that all samples had extremely good analogs in the calibration set of
modern diatom assemblages (Fig. 1F) providing evidence that the TP inferences are reliable.

Summary -

In summary, the TP levels of Chief Lake have varied little over the past 300 to 400 years
(10-11 pgL™"), The diatom flora has remained relatively stable throughout this time being
dominated by mesotrophic benthic taxa (Fragilaria pinnata, Fragilaria construens and
Fragilaria brevistriata) and the eutrophic planktonic Aulacoseira ambigua.
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FIGURE CAPTIONS

Figure 1. Summary diagram for Chief Lake showing: A) total >'°Pb activity; B) the sediment
accumulation rate; C) the change in the percent of organic matter in the core; D) the main
direction of variation in the diatom assemblage data; E) diatom-based estimated of late-summer
total phosphorus; and F) analog analysis showing the dissimilarity between present-day and
downcore samples (any sample that has a squared chord distance > 0.8 was determined to be a
poor analog, whereas any sample with a squared chord distance greater than 1.1 was determined
to have no analog in the modern dataset).

Figure 2. 2*Pb profile and "*’Cs profile for Chief Lake.

Figure 3. Stratigraphy of the most abundant diatom taxa found in the sediment core from Chief
Lake, B.C. (see Appendix C-1 for a complete list of taxa and the relative percentage data). The
diatom taxa are arranged in order of increasing late-summer total phosphorus (TP) optima.
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Summary File Chief Lake

Pb210 and LOl summary
* = extrapoloted dates
INTTOP INTBOT 137Cs

(cm) (cm) (pCig-1)

0 0.5 21800

1 1.5 20130
2 25 21962
3 3.5 20009
4 45 2.0377
5 55 1.5775
6 65 22487
8 85 21215
10 105 1.9980
12 125 21010
16 16.5 2.0491
20 205 24124
24 245 24651
28 285 1.5183
32 325 0.9949
36 ‘S5 0.7261
40 405 0.7497
44 445 02118
46.5 47  0.3898

Pb210Act estimated SEDRAT LOI(550C)

(pCifg)
3.0790
5.3073
4.8440
5.0856
2.7290
2.1359
4.2749
43917
29378
46068
3.8812
2.0416
2.7273
1.3388
0.5824
0.0231
1.4136

-1.0512
-0.0225

AD date {(g/cm2/yr) %organic

2003
2002
2000
1999
1998
1997
1996
1003
19889
1985
1972
1958
1938
1891
1848
1757
1684
1639
1610

0.0507
0.0261
0.0281
0.0251
0.0501
0.0674
0.0278
0.0242
0.0351
0.0182
0.0143
0.0212
0.0079

0.005
0.0294

46.03
46.11
46.29
45,76
45.95
45.80
45.90
45.28
45.40
45.41
45.05
42.85
41.63
40.20
38.86
38.46
37.03
35.85
34.81

Diatom analyses

Depth (¢ Depth (¢ estimated

TOP

0.5

2.5

4.5

6.5

8.5
10.5
12.5
14.5
18.5
18.5
20.5
22,5
245
26.5
28.5
30.5
325
4.5
36.5
38.5

BOTTOM AD date

O~ P =

11

156
17
19
21
23
25
27
29
3
33
35
37
39

2002.4
1899.7
1997.4
199561
1991.7
1988.2
1983.5
1977.0
1970.3
19683.2
1955.4
1945.6
1932.2
1908.6
1885.4
1863.9
1836.4
1791.2
1745.9
1700.7

log TP
1.008
1.031
1.007
1.021
1.030

TP
10.188
10.740
10.162
10.495
10.715
10.351
10.520
10.000
10.864
10.715
10.375
10.423
10.503
10.399
11.041
10.116
10.209
10.471
10.328
10.447

Apperduiy A

ANALOG
PCA min,
Axis 1 sq.chord

-9 0.3552
10 0,401
15 0.4869
1 0.3608
19 0.4180
9 0.4928
-6 0.4300
-2 0.4372
13 0.4902
-2 0.4514
4 04097
-6 0.3789
-18 0.3484
5 0.4340
4 0.3689
6 0.4180
-12 0.3835
-15 0.3746
-10 0.3553
-6 0.3818




Aopendiy 8-

Chief Lake - Pb210 BINFORD _“Fm INPUTS FOR CALGULATIONS OF DATES AND SEDIMENTATION RATES
CALCULATIONS FOR INPUT INTO BINFORD PROGRAM 0:.&
¢l
1 dps= 1Becquertel 15.00
0.4055
Pb-210 St dev Pb210  Std dev Pb210 Pb210 std
INTTOP INTBOT (dps/g} FPb-210 214Bi 137Ce  137Cs achivity Pb-210 214Bi Rho INTTOP INTBOT Total Unsup. Rho oM CUMTOP CUMBOT Pb210
(em) em) activity (dpsig)  idpsigl  (dpsip) (pCig-1) (PCig-1) (pClg-1) (Cig-1) {gcm-3) (em) cm) (Cig-1) (pClg-1) (gom-3) _u..onoao_.. @ ...3.5 @em-2) {pCig-1)
0 05 0.113924 0.008117 0.02184% 0080859 21800 30780 0.2194 (5850 0.0358 05 30790 25314 00358 00179 02184
1 15 0.19637 0,007449 0.003367 0.074482 20130 53073 02013 0090 0.0352 15 53073 47507 0.0352 o am o 8.3 00522 0.2013
2 25 0171820 0.,010833 0002791 0.081258 2.1962 46440 02655 00754 0.0427 25 48440 40084 00427 048 00720 00934 02855
3 3.5 0187420 0.011428 0.032322 0.074034 20009 S.0658 03089 08736 00413 35 5085 45181 0043 048 01144 01351 03089
4 45 0.100972 0.008163 0.005845 0075398 20377 27290 0.2208 0.1807 0.0374 45 27290 21814 00374 048 01558 01742 02208 -
‘5 - 55 0079028 0.005586 D.009647 0.058368 15775 21358 04780 0.2807 0.0421 55 21359 15883 00421 048 01958 02188 01780
-] 6.5 0.158172 0,0000884 0.037834 0083201 22437 42749 02688 10252 0.0462 65 42748 37273 00462 048 02418 02650 02688
8 8.5 0.162493 0.010156 0.015873 0.078498 21215 43817 027456 04280 00432 85 43917 38441 00432 045 03356 03572 02745

" 405 28378 23903 00523 045 04282 04543 02184
125 48088 40500 0.0484 045 05305 05552 02788
185 38812 34336 00872 045 07452 07738 02538

10 105 01087 000808 -0.01107 0073527 1.9080 29378 0.2184 029092 00523
12 125 0.170445 0010316 0.043410 Q077738 21010 46086 027858 11736 0.0494
18 185 0147303 0.008392 0027606 0075617 2.0491 39812 02538 07461 00572
20 205 0.075541 0.008338 0.034901 0089257 24124 20416 01713 08433 00644
24 245 0100011 0.007894 0020585 009121 24851 27273 02080 05584 00638
25 285 0.048535 0.004834 0.040202 0058178 15183 13383 0.1307 10885 00083
32 325 002155 0.003079 0.037618 0.03881 09649 05824 00832 10167 00836
38 365 0.000853 0.000198 0.018849 0.026886 0.7261 00231 00053 05094 00693
40 405 0052301 0.005283 0.013868 0.027739 07497 14138 0.1428 03753 0.0837
44 445 00339 0.006483 0.008504 0.007836 02118 -1.0512 01752 02323 00780
465 47 -0,00083 0.000186 0.020843 0.014422 03838 00225 00050 05633 0.0679

205 20416 14940 0.0644 043 08870 10183 04713
245 27273 24757 00638 042 12443 12761 0.2080
265 13388 07912 0.0883 040 15374 15885 0.1307
325 05824 00348 0.0836 035 1825t 166690 00832
365 02000 00000 0.0883 038 20837 21183 00053
405 02000 00000 0.0837 037 23568 238587 01428
445 02000 00000 00780 036 26453 26848 01752

47 02000 0.0000 00879 035 28459 28798 0.0050
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| I\Fwaértkﬁ4 B-2
FROM LAKE Chief

YOU ARE ANALYZING CORE Cl1

THE DATA ARE: :
PERCORG CUMMASST CUMMASSB

INTTOP INTBOT PB21l0ACT UNSUPACT RHO SDACT
0.0 0.5 3.07900 2.53140 0.03580 0.460 0.0000 0.0179 0.2194
1.0 1.5 5.30730 4.75970 0.03520 0.460 0.0346 0.0522 0.2013
2.0 2.5 4,64400 4,09640- 0.04270 0.460 0.0720 0.0934 0.2955
3.0 3.5 5.06560° 4.51810 0.04130 0.460 0.1144 0.1351 0.3089
4.0 4.5 2.72900 2.18140 0.03740 0.460 0.1556 0.1742 0.2206
5.0 5.5 2.13590 1.58830 0.04210 0.460 0.1956 0.2166 0.1780
6.0 6.5 4.27490 3.72730 0.04620 0.460 0.2419 0.2650 0.2698
8.0 8.5 4.39170 3.84410 0.04320 0.450 0.3356 0.3572 0.2745

10.0 10.5 2.93780 2.39030 0.05230 0.450 0.4282 0.4543 0.2184

-12.0 12.5 4.60660 4.05900 0.04940 0.450 0.5305 0.5552 0.2788

16.0 16.5 3.98120 3.43360 0.05720 0.450 0.7452 0.7738 0.2538

20.0 20.5 . 2.04160 1.49400 . 0.06440 0.430 0.9870 1.0193 0.1713

24.0 24.5 2.72730 2.17970 0.06360 0.420 1.2443 1.2761 0.2080

28.0 28.5 1.33880 0.79120 0.09830 0.400 1.5374 1.5865 0.1307

32.0 32.5 0.58240 0.03480 0.06360 0.390 1.8251 1.8569 0.0832

36.0 36.5 0.20000 0.00000 0.06930 0.380 2.0837 2.1183 0.0053

40.0 40.5 0.20000 0.00000 0.06370 0.370 2.3568 2.3887 0.1428

44.0 44.5 0.20000 0,00000 0.07900 0.360 2.6453 2.6848 0.1752

46.5 47.0 0.20000 0.00000 0.06790 ©0.350 ~ 2.8459 2.8798 0.0050

STANDARD DEVIATION OF SUPPORTED PB-210 = 0.4055

Pb-210 dates for Lake Chief core C1l

" INTTOP INTBOT MIDINT TTOP SDTTOP TBROT SDTBOT SEDRATE SDSEDRT ° SUMTOP
0.0 0.5 0.2 0.00 1.21 0.35 1.21 0.0507 0.0171 44,1440
1.0 1.5 1.2 0.85 1.22 1.52 1.23 0.0261 0.0090 4.0361
2.0 2.5 2.2 2,22 1.25 2.96 1.26 0.0291 0.0107 3.8667
3.0 3.5 3.2 3.74 1.27 4.56 1.29 0.0251 0.0096 3.688%9
4.0 4.5 4.2 5.13 1.30 5.50 1.31 0.0501 0.0183 3.5322
5.0 5.5 5.2 5.85 1.32 6.16 1.32 0.0674 0.0243 3.4544
6.0 6.5 6.2 6.68 1.33 T.52 1.35 0.0278 0.0109 3.3653
8.0 8.5 8.2 10.10 1.41 11.00 1.43 0.0242 0.0100 3.0255

10.0 10.5 10.2 13.45 1.5%0 14.20 1.52 0.0351 0.0147 2.7256

12.0 12.5 12.2 17.23 l.61 18.59 1.66 0.0182 0.0086 2.4234

16.0 16.5 16.2 29.99 2.11 31.99 - 2.20 0.0143 0.0084 1.6285

20.0 20.5 20.2 44.43 2.92 45.95 3.01 0.0212 0.0144 1.0389

24.0 24.5 24.2 62.91 4.58 66.96 5.09 0.0079 0.0081 0.5844

28.0 28.5 28.2 107.32 X4.72 117.22 19.03 0.0050 0.0113 0.1466

32.0 32.5 32.2 154.85 45.03 155.93 44.69 0.0294 0.1055 0.0334

Execution terminated : 0

c:\PB210>




A pperdist C

Chief Lake - Ministry - Carmichael
Anatyst: KR Lalrd
Interval (em)

Taxa 0510 2530 4550 #3570 4500 105900 125130 145950 16597.0 105160 2052t 225230 M550 M50 20520 305010 325300 M550 W5 WMEND
Achranthes: calcar 043 035 .00 0.80 0.00 080 .00 0.00 D80 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 000
Achranthes clovel on 02 L 0.2 oM 000 4.00 400 [ ¥ .00 020 0.00 0.00 0.00 0.2 Q.00 0.00 0.00 a0 00
Achnanthves. sxigue 04 .00 L 048 0.00 0.00 0.2 .00 1.4 0.00 o4 .00 047 Q.00 o 000 o 0.00 0.00 o2
Achrunihes fxele 0.00 0.00 0.00 0.00 .00 0.50 0.00 LE ] 040 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 Q.00 0.00
Achramihes jursacems 0.00 0.00 .80 0 L+ 048 2.00 0.2 80 0.00 041 0.00 .23 0.22 023 6.00 0.24 0.00 .00 G.00
Achrantives Wncsclsa 0.00 .00 0.og 00 0.00 [ 1 0.00 H.00 (1] 0.00 000 . 0.00 0.00 0.00 0.00 0.00 0.00 0.23 0.00 023
Achrestiws: inncacinta v. dbin .00 .00 4.00 0.00 049 0.00 4.00 1.0 000 .00 162 0 0.00 0.00 045 . 0.0 Q.00 1] .00 ®00
Achnasthes bnocscish spp. freg. 0.00 0.00 0.00 0 0.00 00 .00 000 0.80 0.00 0.50 0.00 0.00 043 0.00 0.00 0.00 0.00 9.00 00
Achrastiws sterosirata 0. 0.0 .60 000 0.00 .00 .00 080 025 0.00 00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 .00 o0
Achromtiugy Bngprls 0.00 Q.00 {00 0.00 024 000 2.00 0.00 000 0.00 .00 0.00 000 900 0.00 0.08 0,00 000 a.00 .00
Achnanthes ssisdissima 0.00 0.9 0.75 [ X3 0.97 00 0.74 10 . 050 1.4 [ )] 0.00 047 0.00 045 0.00 0.00 0.3 .00 023
Achrasihes cestrupll 9.00 0.80 0.00 000 0.00 000 .80 0.00 [ 1] 1.00 000 045 10.00 0.00 0.00 0.00 0.00 9.00 9.00 000
Achromthes paragell 0.00 0.00 .80 000 0.00 [ T ] .00 1.00 (1] 0.00 0.0 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 600
Arhrasgioss cuslin 0.00 .00 4.0 0.00 0.00 000 0.00 4.5 000 0.00 060 6.00 000 6.00 000 0.2 024 000 0.00 .00
Achnanthes meall 0.00 0.0 0.0 000 0.00 024 .00 4.00 L L] 0.00 00 0.08 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00
Achrmihes mibstomoldes 0.0 0.0 .80 000 0.00 00 .00 H.00 L1 f.00 20 0.08 0.3 0.00 0.00 023 [y ) 0.00 0.30 0.00
Achromihes veckiand 0.00 0.80 Dok 0.0y 0.4 [ L] 035 oo o2 0.00 (] 000 0.00- 0.00 0.00 0.00 0.4 0.00 0.00 000
Achranthes xpp 054 0.25 L5 048 049 [ & -] 044 000 .00 0.00 o 0.00 000 0.00 047 0.00 600 0.00 00
Amphnry ey 0.00 .80 0.0 0.00 .00 0.00 4.00 0.00 000 024 0.00 0.00 0.00 0.00 0.00 0.0 Q.00 0.2 0.0¢ 000
Amphors pedicuke .90 .74 .80 000 0.00 (1] f.00 .o [ 3. 1] f.00 [ 2.3 006 0.00 0.00 0.00 [L¥- ] oM 0.00 0.00 T80
Amphora 1pp. 0.00 a.80 .00 000 0.00 000 025 000 000 .00 0.00 0 0.00 0.00 0.00 000 .00 ona .00 00
Asterionels formesa 0.80 148 180 10 0.7% 048 147 0.74 050 Q.48 0.20 on 0.2 0.22 0.00 9.00 0.00 .00 9.00
Autaecseira amblg 1540 187 0 164 1445 %7 1214 175 AW NY 178 16480 1694 2004 2600 19.%9 1420 1010 1787 B0
Aubsoossirn of. distams: 0.00 .00 0.00 0.00 000 000 0.00 .00 000 1.00 000 0.0 0.00 043 0.00 Q.00 024 0.00 0.00 .00
Auincossirs 3pp. on 0.80 035 [ X 087 072 425 [ F- ] 50 024 s 600 070 0% 045 ona a.00 000 0.0 [i21]
Cortonsls Maolinmensis 0.00 0.00 0.00 .00 0.00 000 .00 0.0 080 0.00 (213 0.00 .23 0.00 0.00 0.00 0.00 0.00 0.00 G.00
Coroneis Wp. 0.00 050 425 0.00 o .00 .00 0.90 .00 0.00 0.00 0.00 0.00 0.00 0.0 0.00 0.00 0.00 0.0 0.3
Cuclontephmnos of, 0.00 4.00 4.00 0.00 0.00 .00 0.00 .50 .50 0.00 .00 .00 o .00 0.00 0.00 Q.00 0.0 0.00 0.00
Cyclotelin bodesics v. lemanics 107 140 4.5 .58 o .00 LM 048 850 f.00 0.41 1.3% 140 1.08 L1 0.7 0.00 045 0.2 0.0
Cypcictale wallgern .00 2n 420 410 FAL 337 T3 420 172 3.38 4807 248 200 280 1.5 537 1.80 00 A 125
Cymbalie graelie 0.00 .90 0.00 6.00 0.00 024 0.00 000 080 0.00 000 0.00 0.00 0.00 0.00 0.00 0.00 0.09 Q.00 000
Cymibwalin minta 0.00 f00 000 .00 .00 .00 4.00 0.80 .00 1M 0.00 0.0 0.00 0.00 .00 0.00 0.00 0.0 0.00 9.0
Cymbale nawicuiformis 0.00 .00 0.00 0.0 0.00 .00 2.00 0.00 000 04 .00 a.00 . .00 Q.00 0.00 048 045 0.00 058
Cymtole slwsince 4.00 45 000 0.00 0.00 0.00 .00 0.00 .00 4.00 0.00 0.00 0.00 0.00 0.00 047 .00 a.00 .00 0.00
Cymbale. sty 0.00 0.00 0.00 bAs 024 000 b2 0.80 02 .00 020 0.00 0.00 2.00 0.00 0.00 0.00 .09 .00 0.00
Cymbale. wpp. .00 0.00 4.00 .00 0.00 0.00 .00 .00 0.00 4.0 020 0.00 oar 0.00 0.00 0.00 0.00 0.23 Q.00 0.00
Diplonely aliptica .00 .00 1.5 0.00 .00 0.00 0.00 0.00 0.00 0.00 800 0.00 0.00 0.00 LT 0.0 .00 0.0 Q.00 .00
Eunctis incira 0.00 .00 .00 0.00 0.00 0.0 0.80 0.80 025 0.00 000 9.00 0.00 0.00 0.00 000 0.00 0.00 0.00 000
Euncliis pp. on 0.00 0.60 000 .00 000 0.00 0.80 [ 3: 1] .00 [ 20 0.00 0.00 0.00 0.00 0.00 0.00 0.08 0.00 000
Fragiwia bicaplais 0.00 .00 0.00 00 0.00 00 0.00 0.00 000 0.00 000 0.08 047 0.00 0.00 0.00 0.00 0.08 006 000
Fraghwia brvieirintz 257 172 199 [1.1] 218 024 44 190 1. 183 487 1.38 2m 218 T.03 [ ] 5.00 .04 408 A
Fraghwin capucima fo. graclis 0.00 .25 0.00 000 .00 [ 2: 1] 0.00 0.00 .00 0.00 L] 8.00 000 000 000 000 0.0 0,00 0.0p 000
Fraphwin capscing fo. masolapty 000 0.00 000 oM 0.00 0.00 0.00 0.00 000 .00 0.00 0.00 0.00 .00 0.00 0.00 Q.00 .00 0.00 0.00
Fraghwia comruem an 11.08 12.88 TA7 1238 wn 5.04 11.80 et .52 8 1018 581 1207 T4 (-1 :] T.08 Ta0 203 1054
Fragiharia oonsirusms v. vesber 0.00 0.80 0.80 0.00 0.00 00 000 oo 000 o0 020 000 0,00 00 0.00 0o 00 o0 000 000
Fraghwiy cmbonancs o A 0.25 072 m 241 D74 000 173 1% 1) 0.08 o0 0.56 272 1.64 o 0.3 0.2% 080
Fraghala migeo 0.00 0.80 0.00 0.00 0.00 000 0.00 0.00 048 0424 5.0 0.00 .00 022 .00 0.0 0.00 0.00 0.00 [ ]
Fraghaia bipposics 0.00 000 0.00 000 0.00 0.00 4.00 .00 Q.00 0.0 G20 0.00 0.00 0.00 000 0.00 .00 0.0 0.0 .00
Fraghwia leplosirista .00 060 .00 000 04 024 0.00 .00 000 .00 L1 006 0.00 .00 0.00 .00 04 0n 0.00 .00
Fraghwia mazamaamis 0.00 0.00 0.0a 000 100 024 [0 000 00 oo 00 0.00 000 0.00 0.00 000 000 000 .00 G00
Fragheria manans 4.00 0.00 0.00 0.00 4n 0.2 .00 0.00 .00 0.00 6.00 045 b.80 022 2.00 0.0 0.00 Q.00 2.00 0.00
- Fraghars «f. apoprochects Q.00 0.00 0.00 [ 5 4.00 oM .00 .00 0.00 0.00 L F 1) 0.00 4.00 .00 0.00 0.00 o0 0.00 e 0.00
Fraghwiy parpsitica .00 .00 400 0.00 4.00 o.M 000 .00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.0 0.0
Frag v 080 000 000 0.00 .00 048 0.80 .00 .00 0.00 .00 0.00 0.00 .00 0.00 0.00 .00 .00 0.0 .00
Fragiwrie pinnsty S0 4328 4457 S002 M s SR MR 471 Mn S0 555 o047 A 886 807 643 WA STz W
Fragiri, ¢f. robusta 0.00 0.0 B0.00 0.06 .00 0.00 600 000 0.00 .90 0.00 .00 000 .00 .23 0.00 0.00 .23 0.0 .00
Fraghara of. tanara. 18 035 1.00 0ds [ X7 [ 1] .44 0.5 145 Q1 03 nza oz 060 0.00 LE ] 0.7 050 Q.00
Fraghnrie: spp. 043 000 0.50 0.00 050 0.4 1.3 0.74 Q.00 0.24 0.00 0.00 0.47 0.00 0.00 0.23 024 046 025 0.00
Gomphonerma <f. grache 0.00 0.00 0.00 60.00 0.00 0.00 0.00 0.00 0.0 0.00 .00 b.00 0.00 a.00 .00 0.00 0.00 .00
Comphonema paraium. 0.0 0.00 0.00 .00 800 0.00 b 0.00 0.50 .00 9.00 .00 0.00 0.00 .00 .00 0.00 0.00 0.00 .00
Componem 0.00 0.00 0.0 .00 040 a0 0.00 0.00 0.00 .72 .00 0.00 05 .0 b.00 on 0.00 0.00 0.00 2.00
NMoridion <irculare . b0 .00 0.4 .00 0.00 0.0 .00 0.00 L 6.00 0.00 b.00 0.00 00 0.00 o3 0.00 0.00 0.00 .00
Mawvicidn of. shoansls 0.00 0.00 G.00 800 [ 1] .00 0.25 .00 9.00 0.00 9.00 4.00 0.00 .00 0.00 0.00 0.00 0.00 0.00 0.0
Mavicsin sheokia .00 .08 0.00 8,08 .00 o.00 Gdg 000 LFo] .00 .00 10 Q.00 000 000 0.00 000 D.oa 0.00 0.0
Haleuln sryptooaphals 0.00 035 0.00 0.08 3] a.00 000 000 9.50 .00 o.06 0.00 000 400 0.00 0.00 0.00 0.00 0.00 0.0
Mavients oryptobenals .00 00 0.00 0.08 00 000 00 0.00 o 0.00 0.0 045 0.00 0.00 n.og 0.00 04.00 0.00 0n.00 0.0
Marvicwln: opimais 000 o0 000 072 .00 . .00 0.00 0.0 0.24 9.0 1.00 0.00 0.00 0.0 .00 0.00 0.2 0.00 .00
Ml igneta 0.0 025 0.0 0.00 0.00 .00 0.00 0.00 .00 0.00 0.00 0.00 .00 0.0 0.00 0.00 .50 0.00 0.00 2.00
Mvicdn bevissirn 000 000 0.00 0. (4. 1] 0.00 [ 200] 025 0.0 [ 213 .00 0.00 000 0 (R 0.00 D.00 023 [ .} o
Manvioukz biarostraia .00 000 0.08 0.00 [ 1] .00 000 048 a0 0.00 9.00 400 000 .00 000 000 4.00 .00 .00 0.0
wicwin minima 043 15 0.5 072 148 DAY 0.00 0.25 o 0.00 Q41 1# 1.8 043 0 0.7 0.4 0.2 0.74 0.0
Kavicute porifers 000 .00 0.0 .00 .00 .00 9.00 0.00 0.0 .00 Q.41 0.00 .00 0.00 0.45 0.00 Q.24 .00 0.00 0.0
Mawiculn proudoscutifarmis 064 °00 050 0.00 000 0.006 025 0.0 0.00 000 6.00 0.00 0.00 0.60 0.00 0.0 024 0.00 1.0 0.0
Mavicain posudevaniralis 147 148 000 600 L 2] 0.0 000 048 025 300 Q.61 .90 47 1. 1] 134 024 .00 046 D0 113
Narvicela papuls 0. 06.00 o.0e 0.4 0.00 0.24 000 0.00 0.00 000 0.00 01.80 000 .00 043 023 L} 1.0 1.00 2.00
Navicela radiosa 000 6.00 0.08 2.00 000 0.00 0.00 0.00 0.00 0.00 0.20 0.00 0.00 .00 000 2.00 .00 0.60 1.00 2.00
Navvicaln Schomnioldl 0.00 .00 200 0.00 .00 a.bo 0.00 0.00 9.00 000 9.00 060 [ fr- ] [ E =3 [ g2 ] 0.00 .24 .00 0.00 2.2
Warvicals wominaiuns 043 0.0 .00 Q.00 .00 0.0 0.00 0.00 6.00 .00 .00 L] 0.0 .00 .00 .00 .0 a.00 2.0 .00
Mandicaln 21T, visilly .00 0.00 .00 0.00 B.00 0.00 048 000 0.06 000 0.00 0.00 080 0.00 000 0.00 .00 0.60 1.00 0.00
Marvicaln of, $00dwrs o.00 a.00 0.0 8.00 000 0.08 048 000 0.00 000 0.00 0.60 000 0.00 0.00 0.00 .00 0.00 0.00 0.00
wubmarafie 9.2t oM 0% 145 287 .00 04 L X3 Q.50 0. a.61 15 .70 15 1M 4 310 116 190 1.13
Narvicad wubrobisdaty .00 -7 ] 0TS 024 LT 120 .00 .00 o .00 2 .2 [ 4] 168 [ Fr2 ] 0.00 24 .00 .50 0.68
Marvicuin =T, sinrmostill an 6.00 0.00 0.00 000 0.00 0.00 0.0 0.00 [ 2: 13 0.08 1.00 0.0 n.z2 0.00 0.00 0.00 .23 0.0 045
Haviculs viabendy 0 0.00 025 0 Tl or2 05 o.00 008 oG24 0.00 045 [ E <] .z 02 o447 119 000 D74 045
L 0.00 040 ors D48 097 1.0 1.7 LB o 000 a06 045 023 108 0z 070 085 0.5 074 .68
Havlcida 3p PHY, F13-14 8.00 0.00 a0 0.00 000 000 .00 a.00 600 000 L5 D.oo 000 L] 000 047 0 0.00 0.00 0.00
Hwvloula ¥pp. 2% n M 1.83 0.24 145 147 .23 233 0.72 .02 283 023 085 [ 5] 1.54 143 2.00 025 135
Neidum sline b4.00 6.00 .00 9.00 000 0.00 o.00 [:Fr- 3 000 0.00 8.0 0.00 000 0.00 0.00 0.00 0.00 0.00 1.00 0.00
Nitzachin disvipus v. it 0.00 0.00 0.00 0.00 000 0.00 0.00 0.00 0.00 024 .00 080 000 [ 2:13 0.00 0.00 .00 .00 .00 2.00
Niiachiz wp. .00 0.0 0.25 0.00 b.oo 000 .00 0.00 0.bo .00 0.00 0.00 000 000 000 0.00 .00 .00 .00 .00
Pinradlaria inbwrmipls 0.00 0.08 0.00 0.00 000 0.00 0.00 0.00 .00 00 0.0 0.00 0.0 0.ea 0.2 0.00 .00 1.00 0.00 2.2
Pinmadaria malor 0.00 000 0.00 8.00 000 0.08 000 8.00 a.00 000 0.26 0.80 0.00 0.00 000 .00 .00 .80 0.00 2.00
Pitwwlarie. microstaune 0.00 0.0 0.00 024 .00 0.00 0.00 0.00 0.00 0.24 0.0 .00 [ -3 8.00 .00 0.00 0.00 2.00 a0 0.m
Simoncenin delognel 0.00 0.00 075 0.00 .00 0.0 0.00 .00 .00 .00 0.00 .00 .00 .00 0.00 000 b.00 .00 .00 Q.00
Stauronsis wp. 6.00 049 0.2% 0.00 .00 0.00 900 0.00 0.06 0.00 0.00 0.00 000 000 000 .00 .00 .00 0.00 1.00
000 0.00 0.25 0.00 0.0 0.00 .00 8,00 .08 0.0F 0.00 0.00 00 0.00 0.00 0.00 024 0.00 0.00 0.00
Steplmnodisows: nisgers 043 074 0.2% .80 087 .72 0.8 148 0.74 087 1.02 0.8 23 043 0.00 .00 0.00 02 0.00 .00
parax 0.00 0.00 025 0.00 024 0.4 0.00 0.00 0.2 024 0.08 0z [ 201 000 0.2 0.00 0.00 0.00 000 0.00
dofcatisime. v. Snguiiesinn 0.00 049 0.00 .00 0.00 a0 .00 .00 Q.00 0.00 0.00 0.0 0.00 0.00 0.00 4.00 0.00 0.00 0.00 0.00
Tabellarta fombirats 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.25 0.00 0.00 0.0 000 0.00 0.00 0.00 .00 0.00 0.00 0.00 0.00
Tabellarta foccalons wr. 3p 0.54 0.00 0.0 0.95 40 .00 0.25 Q.00 0.2% 0.24 .0 0D .00 0.00 .00 .00 .00 0.00 0.00 b.00
Taballaria focealons wir. [V 0.00 .00 1.8 o0 6.00 0.00 0.25 .00 .00 .00 QA 045 0.00 0.00 [ i) 0.00 .00 000 b.4e
Taballarks veniricors 0.08 4,00 a.00 0.00 0.00 0.00 0.00 0.00 0.2% 0.00 0.00 0.00 0.00 0.00 000 .00 .00 0.00 0.00 0.00
Cariral arsa wilmoun 6.00 L¥..] 000 0.00 000 0.00 0.00 0.00 0.00 000 0.00 0.00 023 022 0.0 0.00 0.0 000 000 0.00




